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FOREWARD

This bibliography was prepared by North American Aviation, Inc., los
Angeles Division, under two research contracts. Contract NAS8-11733, Develop-
ment of Nondestructive Testing Techniques for Honeycomb Heat Shields, for
the George C. Marshall Space Flight Center, NASA, is administered under the
direction of the Contracting Officer, Mr. W. M. McKinney, and the Contracting
Officer Representative, Mr, Wayman Clotfelter, Propulsion and Vehicle Engin-
eering laboratory, Materials Division, George C. Marshall Space Flight Center.
Air Force Contract No. AF33(615)-2865, "Research and Development of Nondestruc-
tive Testing Techniques Development for Composites” covers work done on metal-
lic fiver-matrix composites for the Air Force Materials laboratory, W-PAFB.

The development program is supervised by Mr. J. F. Moore, Program Engineer,
under the direction of Mr. N. Klimmek, Chief, Materials and Producibility,
and Dr. George Martin, Program Manager. The literature compiled for thig
bibliography was reviewed and cataloged by Dr. George Martin and Mr. J. F.
Moore, -

ABSTRACT

13338

A comprehensive literature'survey was conducted as one phase of work
performed under the NASA and Air Force contracts identified in the Foreward.
Literature relating to nondestructive testing theory, techniques and equip-

nent was collected and indexed.

Material relating to ultrasonics and ultrae-

sonic testing equipment and techniques was of primary interest, however other
fields of nondestructive testing are also included in the survey. Related
subject material concerning honeycomb and sandwich contruction, composites,
and bonding, are included to provide helpful background information.
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INTRODUCTION

This biblicgraphy is comprised of reports and articles researched in
seeking informaticn relevant to developlng nondestructive testing techniques
for honeycomb and metallic fiber-matrix composites and materials. Included
are subjects covering various testing techniques, theories, and equipment,
and general background information.

The 1list is intended as a general compilation rather than one providing
all-inclusive coverage. One report alone guotes over 7000 references on
ultrasonics up to 1954. Therefore, in compiling this list, an attempt was
made to confine the effort to relatively current information. Some earlier
reports and articles providing valuable background information are also includ-

ed. .

Literature listed herein represents only that which has been collected,
reviewed, cataloged (by author and catagory), and installed in the laboratory
file. The document listing is arranged by major catagories which appeared
best sulted to the current investigation. Each catagory is further sub-
divided for convenience in retrieval of information. Documents within each
subdivision are arranged alphabetically by author. The apparent overlap
between some subdivisions and literature cataloging is recognized. However,
again the final decision was based on present and future  program effort.

When available, abstracts were included with the listing. In some cases,
a skeletal abstract or description of the subject material was prepared.
Listings which do not include either abstract or description, although perti-
nent, were considered too brief or general in nature to warrant abstracting.

Iiterature presented in this bibliography does not include any classified
information, but it does include literature generated by DOD and NASA that,
at time of survey, was not cleared for publication.
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1. HUIZUSTRUCTIVL ToSTING - GIRAL PAPERS

A REVIEW OF THE AIR FORCE MATERIALS RESEARCH AND DEVELOPMENT

PROGRAM |

J.J. Baoks, D.J. Tate ' l

WADC-TR-53-3T3 : March 1962 \

W-P AFB

These reports cover basic and epplied research in the materials-|

area being conducted by the Metals and Ceramics, Fonmetallie
Materials, Physics, Manufecturing Technology and Applications
_Laboratories of the Directorate of Materials and Processes.

NONDESTRUCTIVE TESTING -

D.D. Dodge |

Mechanical Engineering August 1962
pp 36-43

A general review of the various methods of nondestructive
testing was given. Radiography, eddy current techniques and
ultrasonics were the main topics covered. The article provides
an elementary introduction to basic techniques. (Good table
on NDT testing methods)

L.

ADVANCES IN NONDESTRIWCTIVE METAL TESTING

B. Banks

Metal Industry September 19, 1964

PP 390-393 Vol 130 No. 12 5
A short survey of nondestructive testing techniques was
presented. Included in the discussion was radiography,

particle acceleration, Xerography, X-rays, and ultrasonics.

A, B, and C scan units, multi-probe systems and the use

of square wave pulses with extremely short rise and decay

times were among the ultrasonic methods discussed.

Of obvious interest. —
Spectrum Anal. - o J

—

\ g ¥
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NEW APPROACH TO NDT DEMANDED BY THE DEEP-DIVING SUBMERSIBLE
PROGRAM

S. Goldspiel
ASME Pub 65-UNIT-9

The peper proposes & new set of requirements for non-
destructive tests when quantitative data are required to
provide a better balance between quality end costs. These
requirements are discussed in the light of improvements

and new approaches needed to advance NDT methods from the
current qualitative status to a sorely needed quantitative
level. Of all requirements, two are of uppermost importance.
These are: (1) Making NDT indications meaningful in terms
of fabrication deficiencies, and (2) relating the severity
of RDT indications to engineering performance.

F N \

PHYSICS IN NONDESTRUCTIVE TESTING

v.J. McGonnagle

Metal Progress ‘ May 196% L
rp 132-136

A highly qualitative report was given on the 1963 Symposium

on physics and Nondestructive testing. Covered in the report
were physics of failure, ultrasonics, the Mossbauer effect,
radiation and properties of materials. The ultrasonic section
was primarily concerned with methods of determining the
magnitude of 1ntern9.1 stressea.

tee—

NONDESTRUCTIVE TESTING

W. McGonnagle

International Science and Technology* July 1964

*Reprinted in Materials Evaluation December 1964 ‘-/’
PP 561-5TL :

NEW DEVELOPMENTS IN NDT OF SMALL COMPONENTS AND THIN-GAGE
MATERIALS

R.Cs McMaster

Ohio State University (paper) ' 1965
Columbus. Ohio. =

N
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WHY NONDESTRUCTIVE TESTING IS NEEDED oo

R.C. McMaster

Metal Progress January 1961

pp T0-79 .

The constant increase in competition coupled with the 2,

growing demand for quality has caused mamufacturing
industries to concentrate on nondestructive testing as a
means for reducing waste and improving reliability. A
number of the general aspects, including both production
and economic standpoints, to be considered in epplying
such testing are discussed in the article.

NON-DESTRUCTIVE TESTING & INSPECTION AS BASED OR FAcm & |
FIELD OPERATIONS '

K.E. Rush

1 . Fall 1949
pp 30-32 -

Discussion of 1) Dimensional inspection, 2) Superficial R
inspection, 3) Misc. inspection, 4) FPhysical properties

of parts. N )

RN R

EDDY CURRENT TESTING - SAE Jk25 A

SAE Information Report
(Report of Iron and Steel Tech. Comme) June 1960

L

STANDARDS OF NDT
ST

Soc. DT, LA Section _ 1965-66 L
Program, pp 20-47

A listing of standard types of DT and ocommonly
used specifications and standards.

.
e o ——p—— . -
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WAICH FOR THESE NEW NONDESTRUCTIVE TESTING TOOLS

Steel . January 22, 1962
" pp 62-66 : -

JUD W

SURVEY TO DETERMINE THE AIR FORCE RESEARCH AND DEVELOPMENT
NEEDS IN THE FIELD OF NONDESTRUCTIVE TESTING

S.A, Venk

WADC TR 56-607 June 1957
. ASTTA Doc. No. AD 1308-48 —

y—

The increasing complexity of air weapons systems has resulted
in increased dependence on nondestructive testing as & means -
of assuring the conformance of aircraft materiasls and com=
ponents to design criteria. This survey reviews the problems
inherent in existing nondestructive testing methods, as well
as those inspection problems for which no present nondestructl
test is adequate. In addition, the shortage of skilled
personnel, and the necessity of establishing training programs,
is c:Lted. (continued on back)

|/

TEST IT, BUT DON'T BREAK IT

Dun's Review and Modern Industry January 1964 L

"~ pp 50-53 7

NDT methods used in industry, erploying vibration,
magnetisi, radiation, optics and electronics are

reviewed in light of the need for improving former
testing tecaniques,

[ ]
. '
o oo e e e s e <0
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ducer in a path which allows complete volumetric_t scanning (cont;

INVESTIGATION OF METHODS FOR DETERMINING ACTUAL FLAW SIZE

L.J. Anderson I
_ASD-TR-61-205-II September 1961

- i
NASA ' ',
N6L-14319 November 1963

The work effort under Contract AF 33(616)-7279 was directed |
toward the development and evaluation of techniques for deter- '
nmining actual flaw size, orientation and geometry in materials ;
by nondestructive ultrasonic means. This has let toward the !
development of & practical prototype breadboard instrument
which is capable of presenting an isometric projection of
inconsistencies in metal parts. This development has been

made possible through the design of a unique single oscillating
transducer. To obtain the three dimensional pictures, a special '
mechanical manipulator and presentation system were designed ‘
and built. The special mechanical manipulator moves the trane- _.-

e ————

THE GATED MODULATOR-A NEW WAY TO MEASURE SOUND VELOCITIES IN

i

SVALL SAMPLES oo

. ’ . |

D,L. Arenburg . ¢ i
o
Proc. of the IEEE February 1 ~—
Vol 51 No. 2 : 963 i

(reprint)

GENERATION, DETECTION AND MEASUREMENT OF ULTRASOUND ;
A. Barone * . -
Handbuch der Physics

"Acoustics II 1962
pp Tk-152 Vol 11/2

In this article & general exposition of the production of
ultrasound is given end some methods of measurement, based
on the physical phenomena which accompany the propagation
of ultrasonic waves of small amplitude are discussed. The ;
physical effects produced by high energles and the use of f
ultrasound in the investigation of the molecular and structural
properties of matter are dealt with in other chapters of this |
Encyclopedia. !
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INSPLGTION AUD ToSTING OF Ui YCOID AlD HONsYCOMB
SAND.ICHSS
R.F.Blackwell

Bonded Aircraft Structures, CIBA

i 4 ey et
t
i

Dixford, Cambridge 1957 S~

PP 161-169

et - 4

|

b e L e e e L. e —

U/S RESEARCH BEHIND THE IRON CURTAIN
R.M.G. Boucher

U/S Kews 4th Quarter 1959
pp 6-8 _

U/S FLAW DETECTION - A REVIEW OF FACTORS AFFECTING THE
SIGNIFICANCE OF RESULTS OBTAINED BY ECHO SOUNDING (French)

B.R. Byrne

Memoires Scientifique de la Revue de Metallurgia July 1959
pp 231-256 LVI No. 2

o -

T “—_—_—.\
/
! e b

»
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INVESTIGATION OF METHCDS FOR DETERMINING ACTUAL FLAW SIZE IN
MATERIALS BY NONDESTRUCTIVE ULTRASONIC MEANS k

L.J. Anderson, G.J. Posakony

ASD-TR-61-205, Part I

Progress Report No. 6
AF Contract AF 33(616)-7279, S2(61-1519)

Contract AF 33(616)-7279, S2 (61-1519) is & continuation of a
previous program performed under Contract AF 33(616)-7279.
These contracts are administered by Aeronautical Systems
Division, Air Force Systems Command, United States Air Force.
The work performed under Contract AF 33(616)-T7279 is reported

September 15, 1961

in ASD Technical Report 61-205. This new effort was directed —

toward optimizing the single transducer ultrasonic nondestruct:
flaw analysis system. This program will incorporate a unique
high speed volumetric scanning system, & rmultiple display

Zystem, and will usilize coaxial transducers. N NI osiNes

[

6
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DEFECT ASSESSMENT USING ULTRASONIC WAVES
D.G.W, Clgydon

Gordon & Breach Science Pubs., Inc. N.Y. 1964
_ Ppp 167-187 Vol 2

i ULTRASONIC TESTING ,
! ' D. Erdman

J.Soc NDT ) Fall 1949
_pp28-30 Vo18 To. 2

-"\"
5
THE DEVELOPMENT OF U/S METHODS FOR MATERIAL TESTING IN POLAND

L, Filipczynski

i NDT September - October 1959
pp 276-280 : .

THE WHAT AND HOW OF ULTRASONICS

o

P, Kaprielyan

Aircraft & Missiles Mamufacturing - September 1959
pp 6-12

p—

Cleaning, gaging, flow detection and machining are major
uses; increasing specialized tasks in R & D stage.

S

EXCERPTS FOR 'SONIC AND ULTRASONIC WAVES IN AIR, WATER, AND

SOLIDS!
V.A. Krasil'nikov
U.S. Joint Publications Research Service January 1962
JPRS: 12018 )
;' .
1
LLCTAONIC RLNGING = LSullil SCHIC 1usTs

kagnafacts, Vol 13 ILo. 3 p 11 Summer 1965

. ..T'.___..._.«__. A
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USES OF ULTRASONICS IN RADIO, RADAR & SONAR SYSTEMS 'i

W.P. Mason

Proceedings of the IRE | ‘May 1962

" pp 1374-1384 It

A short historical review is given of the development of

uwltrasonics. Uses in the low-amplitude range are sonar systems, !

dispersive and nondispersive delsy lines, ultrasonic inspec-
toscopes, and crystal and mechanical filters. In all of these
applications, the very low internal friction of metals and
fused silica provides very low losses, while the guided wave

properties of various shaped transmission paths provide —

either dispersive or nondispersive transmission.

ULTRASONIC IN INDUSTRY

F. Massa

Proceedings of the IRE May 1962

pp 1385-1392

The various industrial uses of ultrasownd were qualitatively
described., They were divided into three groups: (1) Low
power which included flaw detection, thickness gauging, and
friction reduction (2) Medium power applications such as Delay
lines, and (3) High power applications such/as reduction in

grain size, L

This article has some value as a report of what is currently
being done in ultrasonics.

Pulse, Reson - Good Gen. Info.

U/s IN NDT,
W.J. McGonnagle

U/S News March 1958
pp 13-17 '

ULTRASONIC ENGINEERING (After One Year)

(Re: Coupling, Transducers, etc.) o
R.C, McMaster | l
News in Engineéring November 1963 ‘

- — ;A' ;‘}
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INV"STIGATION OF METHODS FOR DETERMINING ACTUAL FI.AW SIE IN
MATERIALS BY NONDESTRWCTIVE ULTRASONIC TECHNIQUES ‘

G.J. Posakony, M.R. Loetz

RADC-TR-59-302  (Contract AF 33(616)-5714)

The investigation of methods to determine actual fla.wujfze 9&9 \'
materials by ultrasonic nondestructive techniques has led to the
developnent of 'breadboa.rd equipment capa.ble

|
NONDESTRUCTIVE TESTING ;f
!
l

Okla..A Sta,té Univ. School of Chem. Eng. Stillwater Armed Services '
Tech, Inf., Agency, AD 289555 o
pp U5-51

. : |
A basic treatment of the generation, use, and types of ultra- %
sonic waves was presented, A gualitative description of long-"
itudinal, transverse, and surface modes was included. The i
article provides an‘excellent introduction into the field of .
ultra.sonic nondestructive testing. '

—d

ULTRASOUND IN INDUSTRY

R.G. Neswald
International Science and 'Dechnology Februsry 1964
pp 28-39

/
"When a powerful body of sound theory is finally matched by i
experimental advances, the result is a wealth of able tools. ,'
But when the uses outetrip theory and measurements, the result ;
is apt to be chaotic." J

! et e

DIFFERAHCES IN U/S TiSTING OF VARIOUS MATESRIALS : |
J«B.Morgan

Jo NDT pla Mar-Apr 1963'

ey —————

ULTRASOIIC NONDuSTIUCTIVE TESTS

\

SNT Handbook of N/D Testing _ Mar 1958
Sec VI, Chapt 6.1 ‘
» Carborundun COQ, oYo

ey
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SOME FACTORS OF IMPORTANCE IN U/S TESTING.

J.B. Morgan

NDT - ;
T 13-18 ) May-June 1964 |
In ultrasonic inspection, the amplitude or height of the mdiet!*\"’
cation from a metallurgical or mechanical defect, as displayed ’
on a cathode-ray tube screen, generally determines the acceptance!
or rejection of the article being tested. Therefore, factors ]
that affect this height are important, particularly when an ’
attempt is made to estimate the size of a defect. This paper :
describes the results of an investigation to determine the
effects of several factors in ultrasonic testing which are,
perhaps, not generally recognized., The factors discussed are A

the distance of a discontinuity below the surface of the articls
|

the geometry of the article; the frequency, size and senaitivityl

]

of the searching unit (transducer); and the performance of the
ultrasonic instrun_xg_nt. '

|

'!
DEVELOPMENT OF ULTRASONIC TECHNIQUES FOR DEFECT EVALUATION ;
—

J.B, Ramsey, W.M. Rowe
N63-15710 ' ' February 1963

An experiment is described in which the effects of forming
method and heat treatment on ultrasonic signal response in some
never alloys were investigated, In addition, specific acoustical
impedance, attenuation values and shear and Rayleigh wave char-_ -
acteristics were studied. Rolled material was found to have ,

e consistantly higher response, transmission of ultrasound x,
improved with heat treatment, and the effects became more pro- !
nounced as the test frequencies increased., Image conversion '
techniques were also investigated.-

RESONANCE WIBRATION TESTS

IR

R.G. Rowe
Contribution to SNT Handbook, Section VI, Chapter 6,1k

Report discusses some of the basic theory of natural frequency |
testing as a method of detecting structural integrity. -
Descriptions and equations for the natural resonance behavior ]
of equipment, techniques, and several applications are !
mentioned. The report definitely supports the natural frequency

approach to testing honeycomb structures from only a single side. .

H
!

10“)
5

{ :
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DEVELOPMENT OF ULTRASONIC TECHNIQUES FOR DEFECT EVALUATION
R.R. Rowand (Proj. Eng)

(W-P AFB)

) ASﬁ-TDR-G£-5 : . February 1963 . ‘/J

The results of investigations to determine the effects of sever
metallurgical and acoustical variables on the ultrasonic signal
strength using commercially available ultrasonic flaw detection
equipment are reported. Applied to various metals used in j
aerospace structures and components, these investigations re- _
sulted in the separation and determination of important acous-
tical properties that were expected to indicate the cause for
differences in the transmission of ultrasonic energy in the -.~ic
various materials. A method was developed for applying correctbn!
factors to test blocks of one metal in order to estimate the
size of defects in other metals. Beam collimation techniques

vere studled to determine optimum conditions for detecting
defects and displaying them on both cathode ray (continued)

{
|
ULTRASONIC INSPECTION OF WROUGHT PRODUCTS r’i
SID-62-227  NAA/Space & Information Division o

A nine page pamphlet of diagrams of testing methods,

D e

" AN ELECTRONIC EAR FOR CERTIFYING RELIABILITY

R. Spain, N, Schubring, M. Diamond

Paper presented at Nat. S:E Convention 1962
Naé;raf)frequency vibration tests were used to certf%y the
quality of complex solid metal parts, for example, crankshafts,
The natural frequencies were in the audio range and were either . -
fundamental and/or harmonics. Analysis of the reverberation
amplitude, decay rate, and frequency distribution were the
factorg that yielded information. The project definitely showszf;
that the natural resonant frequencies of complex structures _
will yield information concerning the material Integrity. ;
Conventional electronic equipment areas used throughout the ‘
study. It appears that this approach should yield information
concerning the presence of disbonds on either side of a honey-
comb panel-when testing from only one side, i

et

Cat: 12

e 17T
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U/S TESTS ASSURE SOUND PARTS ' ‘ ® |

Steel (magazine) ’ June 14, 1965
! PP 55-57 o : §
- - . |

DO PEOPLE REALLY UNDERSTAND NONDESTRUCTIVE TESTING

H. Thielsch

" Welding Design & Fabrication July 196%
——  pp bho-k2 j

Discussion of mass production testing, standards, field mspeettnf‘ N
and weld quality. .

SURVEY OF ULTRASONIC METHODS AND TECHNIQUES

1 S.,A. Wenk ‘ . h

Symposium on NDT in the Field of Nuclear Energy ASTM Special
Publication April 16~18,19§7

‘ . No. 223

"The purpose of this paper is to furnish a background of basic ;. ' . \
information in the field of ultrasonic nondestructive testing ' ‘\
for those not familiar with the field." ‘,

!

— - y

UNDUSTRIAL ULTRASONICS IN THE U.S.S.R.

I. Woloshyn

e e ey

Ultrasonics (magazine) January-March 1963
pp 1k-26

The author surveys the long and complex history of ultrasonics
in the U,S5.S.R., describing, from the 19th century to the
present day, the growth of the science, its applications and ]
the organization of its research and development. The survey -~
is supported by a list of references which, though lengthy by

any standards, indicates only a part of the voluminous Russian
literature on the subject. The references are grouped accordin

to subject matter so as to be a guide to further detailed
information.

Cat: 12 “ | | P

R WP
-
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[13. RADIATIVE METHODS . i

'
t

— - e

. radiographic techniques in manufacturing plants,

"NAVY SEES PROMISE IN INFRARED THERMOGRAPHY FOR SOLID CASE
CHEGKING"

.W.8. Beller

Missiles and Rockets . January &, 1965 !
P 22"23 ;

ADVANCEMENT OF THERMAL TEST METHODS IN NDT OF AIRCRAFT & MISSILE
COMPONENTS (HONEYCOMB )

J. Borucki

Metal Treating June-July 1962
pp 9-10, 12-1h ‘

Reviews advancement in thermal NDT as applied to brazed honeye
comb. Also discusses the Bondcheck Thermographic Process;

its advances and its industrial applicability as an accurate,
rapid, feasible means for nondestructively inspecting brazed
honeycomb and similar applicable structures.

RADIOGRAPHY
FAA: Bureau of Flight Standards

Gov. Printing Office June 1959
QC Digest No. &4 '

This digest deals with radiographic inspection as it is practiced
today and offers basic information for FAA inspectors who eyalwate

BONDCHECK THERMOGRAFHIC TEST SYSTEM

Magnaflux Corp.

Magnaflux Form No. 16690-1, 1M, 1-G, MK
(bulletin) ’

B e L

13



RA-65-813

APPLIED RESEARCH TO ESTABLISH INFRARED DETECTION METHODS FOR
NONDESTRUCTIVE ANALYSIS OF MSTALLIC AND CERAMIC STRUCTURES

D.R. Maley et. al, Part II

ASD-TDR-62-385
Automation Industries, Inc. August 1963
Boulder, Colo.

The second year's continuation -of the program under Contract

AF 33(616)-TT725 has been devoted to further study of the feasibi-
lity of thermal nondestructive evaluation of materials. Eme
phasis has been on metals. A thermal testing system developed
previously on the program was utilized to study material pro-
perties through the inspection of heat transfer rates. Hear *
introduced into the material establishes a heat transfer rate

which is monitored by infrared radiometric surface temperature
measurements. These temperature measurements are used to
indicate certain material properties which have an effect on heat
transfer. Properties detected to date are voids, (continued)

APPLIED RESEARCH TO ESTABLISH INFRARED DETECTION METHODS FOR
NONDESTRUCTIVE ANALYSIS OF METALLIC AND CERAMIC STRUCTURES

D.R. Maley, S.W. Maley Part III

ASD-TRD-62-385
Automation Industries, Inc. March 196k
Boulder, Colo.

The feasibility study on thermal nondestructive evaluation of
materials has been continued. Various material properties or
defects in samples have been evaluated by one or both of two
basic testing methods, known as the scan heat technique and the
heat support technique. Both methods operate on the principle
that heat transfer rates through a material are dependent on
the properties of the material and the presence of internal
defects. Heat is introduced at the surfece of a sample. Its.
transfer away from the surface into the sample is gauged by
continuous monitoring of surface temperature with (continued)

AN INFRARGD fADIONOTRIC 1+ICRUSCOPi FOiX NDT OF -
INTLGRATED CIRCUITS

R.B.LCIntOSh, Jl‘. & J.Z{.‘L’oder

. |
Infrared Applications for KUT 1964
Barnes ungineering (bulletin)

14
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| optical materials (Gulletin - no date)

RECENT DEVELOPMENTS IN THE RADIOGRAPHY OF HIGHLY RADIOACTIVE
SPECIMENS AT A.E.R.E., HARWELL

R.W, Parish, D.A.W. Pullen

British J. of NDT
T March 1965
zge regort'describes techniques developed which make possible -

gira iography of highly radioactive materials. Projection '
radiography is used in each of the two methods described and
no elaborate or expensive equipment is used other than a’

| stendard 200 k¥, half weve, Lmd, portable X-ray unit.

INFRARED OPTICS
Valpey Corporation

Transmission and absorption characteristics of typical infrared

NEW TOOL FOR NONDESTRWCTIVE TESTING

Wen (magazine) : August’ 1965
pp. 142

e+ - e =

FEASIBILITY STUDY OF A NONDESTRUCTIVE TESTING INFRARED IN-
SPECTION SYSTEM FOR BONDING FLAW DETECTION

P. Yetitto, R. Gorman

Interin Report No. 2 FPE-TR-5959
Perkin-Elmer Corp. April 1961
Norwalk, Conn. '

This interim report details the results of work conducted on
Contract No. DA-19-020-ORD-5243 for OMRO, Watertown Arsenal
entitled "Feasibility Study and Development of a Nondestructive
Testing Infrared Inspection System," covering the period 1
November 1960 to 30 April 1961. This document is an extra-
contractual submission,and serves to explicitly egtablish

the status of the program, with regard to accomplishments,

direction and goals at this time.

.15
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INFRARED APPLICATIONS FOR NONDESTRUCTIVE TESTING

J.H. Yoder, R,B. McIntosh

Barnes Engineering

16

December 1964
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14, ELECTRO-MAGNETIC METHODS

PRIICTIPALS AND APPIICATIONS OF MICROWAVES IN MATERIAL TESTING

R. Hochschild

. Microwave Instruments Co, Bulletin 1000 October 1964

i _ Corona del Mar, Calif,

- ELECTROMAGNETIC METHODS OF TESTING METALS
]
 R. Hochschild

I
| Progress in NDT 195
' PP 59-126 Vol. 1 s
!The racMillien Co. N.Y.
\
"A review of methods and theory concerninn discrimination between
; variables as related to electromagnetic means of testing, with
emphasis on the more important ideas and techninuea.

' CORONA DETECTION TECHNIQUES AS A NONDESTRUCTIVE METHOD FOR
LOCATING VOIDS IN FILAMENT-WOUND STRUCTURES

E.W. Lindsay, C.N. Works
Standards for Filament-Wound Reinforced plastics
pp 273-276

The various corona detection circuits are reviewed and the
,  feasibility of corona test methods as a nondestructive test for

¢ st - o —————

cussed., The various types of corona detectors used for flaw
:  detection, the present art in relating the size and shape of the
! void to the corona pulse characteristics, and the areas where
investigation and development are necessary in order to perfbct

the test method are pointed out.

e ——— e

e A mE L . an

locating voids or flaws within filament-wound structures are dis-

|
¥

;
'
}

,J
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i CORONA DETECTION TECHKNIQUES AS A NONDESTRU:TIVE METHOD FOR
LOCATING VOIDS IN FILAMENT-WOUND STRICTURES

E.W. Lindsay, C.N. Works

Standards for Filament-Wound Reiﬁfbrced Plastics
Pr 273-285

The various corona detection circuits are reviewed and the
feasibility of corona test methods as a ncondestructive test for
locating voids or flaws within filament-wound structures are
discussed. The various types of corona detectors used for flaw
detection, the present art in relating the size and shape of the
void to the corona pulse characteristics, and the areas where
investigation and development are necessary in order to perfect
the test method are pointed out. ' '

| SENSITIVE EDDY. CURRENT TESTER IDENTIFIES DEFECTS
© Metal Progress (magazine) January 196k
PT i L

| INSPECTION PROCESS, MAGNETIC PARTICLE
' Mi1 Spec MIL-I-6868C February 1965

Specification covering generel requirements gnd'tests for per-
| forming magnetic particle inspection.

VECHANICAL MEASUREMENT-USE OF THE HALL EFFECT

M. Nalecz

|
' Electronic Technology January 1961

pp 15-17 | |

|
| |
' A STUDY OF }ETHODS FOR MEASUREMENT OF THE PROPERTIES OF MATERIALS
A7 MICROWAVE FREQUENCIES WITH EMPHASIS ON THEORIES FOR THE ,
EVALUATION OF MEASUREMENTS

G.K., Neiders

Thesis: Ohio State University 1959

Tne work describved is related to techniques QescriPed by
Dr. F.J. Tischer in his book, MIKROWELLEN MESSTECHNIK. e ‘

18
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PROGRESS REPORT ON N/D TESTTIG BY ELECTROMAGNETIC METHODS
C.J. Renken

ANL-6414 Argonne, Ill, ’
Argonne National Lab July 1962

This report summarizes new developments and improvements in
electromagnetic and eddy current test methods and equipment.
It is meant to be a continuation and outgrowth of the work
reported in ANL-5861, A Status Report in Eddy Current Theory
and Application. '

|
I
|

)
|

1 o

|

1

‘the work of the type carried out by the Nondestructive Testing

STATUS REPORT IN EDDY CURRENT THEORY ANDVAPPLICATION ‘ i
C.J. Renken et. al. _ . ;
ANL-5861 .

Argonne National Lab- . :
Lemont, Ill. November 1958 3

This status report on Eddy Current Theory and Application
summarizes new developments and improvements in nondestructive
testing techniques by mesns of eddy currents. It represents

Group of the Metallurgy Division during the past two years.

Eddy current testing techniques are still in their infancy due
to a lack of basic knowledge concerning eddy currents end the
lack of adequate instrumentation. The information contained in
this report will assist in supplying some of the basic knowledge
end will be the basis for providing some of the needed instru-
mentation,

NEW VISTAS FOR GAGING, TESTING, ANALYSIS

MICROWAVES:
July 20, 1964

Steel (magazine) .
pp 60-61
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P., .

i .
TIVE TRIC RESISTANCE
BOND INSPECTION TEST BY ELEC T
mbfg’r FOR COMPLETE FLAT-PLATE FUEL ELEMENT SUBASSEMBLIES

C.W, Weaver, etal,

Symposium on NDT in the field of Nuclear Energy ASTM STP-223
pp 286-293

As part of a Westinghouse Atomic Power Dijvision (WAPD) progran,
! a study was made of methods by which nondestructive inspections
of the core-to-clad bonds in coupleted, flat-plate fuel
¢ assemblies could be made. Norrally, these inspections are made
" on single fuel elements by frost testing or ultrasonic
methods, However, none of these techniques, as usually applied,
could be used on complete subasserblies because they are not
usable in long thin passages. Therefore, it was necessary to
é develop a new inspection method.

Cat: 14

e e et e e e s . =

|
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15. EQUIPMENT AND ELECTRONICS

PROCEDURES FOR TES- 3 U/S DELAY LINES

t

Bulletin TD(58) Re-
Arenbverg U/S Lebor: ory 1959

This booklet deals with the use of ultrasosie test equipment,

particularly withre lerence to ultrasonic c2lay lines. Since the

procedures and programs are the same for otaer anplications s.ch

. as measurement of the basic rachanical properties of m.uicr for

! theoretical purposes, deterrmination of flaws for prectical appli-
cations, tnis giscussion will h= o ~ssistance to those being
introduced to uitrasonics for .2 first time. For this purpose,
a brief section relating to general applications will be included

in a later di.::ussion.

— A

e et . vt g PRI O U [

SELECTION OF ARULAB EQUIPIENT FOR U/S AND NUCLEAR MAGNETIC
RESEARCH

e ey e

Bulletin TE69 1964

Arenvery U/S Laboratory .
Jamica Plain, Mass.

LOW FREQUENCY INDUCTANCE TUNER, PG-650-C

Bulletins TETL, TE2l, TES82, et al 1964
Arenberg U/S Laboratory, Inc.
_Jamaica Plaln, Mass.

TeST EQUIPMENT FROM ARENBERG U/S LABORATORY

' Bulletin TE62-1 196
' Arenberg U/S Laboratory ’ '
Jamaica Plain, Mass,

CATALOG OF TECHNIQUES FOR MICROSYSTEM ELECTRONICS
P.,B. Myers .

Machme Design August 17, 1961
. PP -HV‘*Z) ’

21



ULTRASOWIC IMAGE
J. Powers

Research/Development Mag.
pp 2h-27

NDT EQUIPMENT AND APPLICATION

Bulletin 00-105
Sperry Products
Daubury, Conn.

r.- e e - — s

-—

COMPUTRER SPEEDS SURFACE PIATE INSPECTION
! .

E.C. Varnun, D.L. Sherman

|

'Tooling & Insp. Magazine-

PP 82-85

Concerns use of computer in relation to inspection of surface plates|

by optical methods.

-__w_ﬁ.q_r__‘_w-__m_-
|
|
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16. MATERIAL RESPONSE

- . e e i e o - e

R P U

- Y e B o TR TN ey 1t g— IS NS e
R e TS A Yy v arvanl g LI VEVISN Jq.l cmd oy
() ! . Ay B
1 7, .L\J £ &) y VD o

~oy e e, b=
T, Ve L“;T“‘ 'IS

G.a.lockyer |
|

-~ V- [SPN RO U:; O"“ ¢ :: A :Ea i
\
t

(J:LJ' ."L:T‘.‘.—ész'-‘lls .
Adr rorce raterials ~+.soratory) June 1965
"Veo Lorp., Wilming.ua, iass.

‘I“he broperiies and behaviop
craracterizing graphite as

Space applications are i
metiods and tecinioyes o
Justified, ’

caa.;-?cteristics --C3issary for
A aceative Loy ~ial for ag
dentificd, and a314cql "o |
poentifisg, and apniicable NDT

¢ descrived ang theoretically

McGARRY AND MARSHALL ON WIRE-WOUND COMPOSITES

~ McGarry
: Standards for Filament-Wound Reinforced Plastics :
. pp 131-1L43 B L 3
‘ . ;
‘ YACLSTOASSORPTION ToCaiil UssS MOn wxiSlldiG FATARIAL i:
PrORualiss '
l‘.
VVeLeRollwitz & J.7.Claassen . ’
LE-1~TR-65-17 . r

Apr 1965

- . L

Soutnwest Ilesearch Inst.

rarnetoavsorpiion s gnals from ferromajgaetic wires in
superimposed slowly varying LC and & magnetic fields
are shown to be primerily dependent upon reversible
permeability. This dependency has veen verified

experimentaliy.

REALISTIC  APPROACH TO INSU;LATION ToSTING

N. Scott, R. Steiner

Paper presented at the International Conference on Aerospace ; :
Support, Washington, 8 August 1063, in Technical Session 36.
An analysis of the history on dielectrics, followed by a review
of the basic natural laws zoverning these matlerials resulted :
in a series of recommendations toward the realistic use and noni
destructive testing of insulting raterials.

i
;
!
1
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17. PENETRANT AND MISCELIANEOUS METHODS

PRI TRANT INSPECTION
Correrce Dept. CAA

Quality Control Digest R \
} fuall HNovember 1958

Penetrant inspection has been develon=2d as enother nondestructive
test rethod to help Insure the use of only sound parts in new '
DPlanes, and to locate darmaczed parts during the li}e of the plane
so that catastrophic failures can be eliminated.

Penetrant inspection is not a gure-all for our defective material
problem; but, if used droperly, it will locate surface defects
economically and accurately. Like all nondestructive testing

the success of this method depends on adnerence to instructio;s,
training of operators, development of stendards, and the in~ -’
terdretation of indications.

PHATOZLASTIC NONDESTRUCTIVE INSPECTION OF TEFLON POSITIVE EX-
PULSION BLADDERS

R.S. Goldbert et. al
~ Research Nemo 1c6L
' No. 1104

. NAA/Rocketdyne

™23 report describes the effcrt axpenéed in developing a photo-
elastic inspection technicue znd applicavle apparatus for

Teflon expulsion bladder stress znalysis to de used in
acceptance testing of Gemini expulsion vizdders. In scope, the
report relates the work conducted on SZ-6:and SE-T Teilon ex-
pulsion vladders. However, the informetion, technique, and !
apparatus resulting from the subject effort is applicable to :
numerous stress snalysis applications of plastic filx raterials.

~me

100, SVALUATICH ToSUING. . o0 TUUNLOR

ragnaflux Corp. ‘ n
’ vacnafacts, Vol 13 llo. 3 25 4-5 Swrier 1965
Use of Zyzlo for primar, insjccuion of semi--conductars.

2L




TuST UNIT STILL PAYIIG DIVLID.:IDS
Fagnaflux Corp,
kagnafacts, Vol 13 1io. 3 pp 8-9 Summer 1965

Use of Ma.gnaﬂux equipment for {C of various types
of chain in chain manufacturing plant.

PAVIA'S CDARN FOUNDRY

_Tooling & Production Sept 1965
p 190

Brief description of a modern foundry in Pavia, Italy
which uses u/a inspection equipizent.

NDT PAYS ITS WAY IN MAINTENANCE, TOO
C.Js Vliahos

Mill & Factory ' August 1965
pp 60-61 -

No longer restricted to production, nondestructive testing is
now cutting maintenance costs - In preventing expensive and
dangerous failures of eguipment and machinery.

BN - AL UL
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BIBLIOGRAPHIES

THE APPLICATION OF NDT TO PLASTICS

A.M. Anzalone

Plastic Technical Evaluation Center July 1961
PB-1T71810

The literature has been search for documents which provide in=
formation on nondestructive testing techniques as applied or
vhich are applieable to plastics. In a field of effort in
which the past few years have seen marked advances, this search
must be considered a status-report.

The items located fall roughly into two groups: those techniques
which involve ultrasonics and those which do not. This has given
basis for the method of presentation, in which Part I covers 25
references on the ultrasonic techniques and Part II presents

16 references on the non-ultrasonic approaches, Other related
information not available in report form is presented in Part IIL

_T—'

PHYSICS OF ULTRASONICS AND KYPZRSONICS IN SOLIDS AN'ANNOE%TED

BIBLIOGRAPHY

A.A. Beltran

Special Research Bibliography SRB-60-9 Septeiter 1960 |
Lockheed Missiles and Space Div., Sunnyvale j

Ultrasonic and hypersonic radiation ranging from several mega- !
cycles to above 1000 megacycles; its generation, detection and X
propegation in solids 1s covered in this annotated bibliography.
Piezoelectric sources of ulsresonic radiation; optical, mechan-
' 4cal and electrical methods of detection; measurement eqpipment,
{  methods and results; and propagation, attenuatloﬂ and absorption
are included. - —— |

e o e =
._—-_.._..—-——-
-
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A REVIEW OF U/S IMAGING METHODS w/BIBLIOGRAPHY
H. Berger, R.E. Dickens '
ANL-6680 July 1963

Methods for detecting Wltrasonic images in nondestructive testing
systems were presented and cormpared from the standpoint of thes-
hold sensitivity. Photographic and chemical methods, themal
effects, optical and mechanical technigues, and electronic methcd
wvere considered. It was found that a Jdetector should be capeble
of responding to ultrasonic intensities of 10~3w/cm2 to be of
practical use. Electronic methods were cancluded to be the most
promising detection method.

Aside from the valuable optical scenning information in this

article, the selected annotated bibliography provides a fund of
referencea.

_ NONDESTRUCTIVE TESTING
C. Briggs.

Martin Company Lit Search July 1962
No. 15

A bibliography of articles and reporis on Nondestructive testing
for the years of 1961 - 1962.

S s e et s e e e < - -

HONEYCOMB BIBLIOGRAPHY, 1960-61

Hexcel Products

TSB-118 | . June 1962
Hexcel Products
Berkeley, Calif.

ULTRASONIC PHENOMENA AND METHODS OF MEASUREMENT: A BIBLIOGRAFHY

'C.A. Komar, J, Pasini

i Information Circular 8146 ' 1963
| United States Department of the Interior : :
Bureau of Mines.
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DEUTSCHE FORSCHUNGANSTALT FUR LUFT-UND RAUMFARRT
H. Meckelburg, W. Althof

DFL-216
Germany 1963

SHOCK AND VIBRATION ENGII\IEE}:(DTG-VOL I

C.T. Morrow

John Wiley & Sons, New York-London 1963
Abstracted in Acustica Bookreviews . 1964
p 237 Vol 1k '

———— - —y——— "

SANDWICH STRUCTURE AND LAMINATED STRICTURE: A LITERATURE SEARCH
CONDUCTED ON THE NASA SEARCH SYSTEM

J.H, Okuda

NAA/LAD November 1963

Report No. 63-1298

SCIENTIFIC ACTIVITIES OF THE INSTITUTE OF BASIC TECHNICAL PROBLEMS
OF THE POLISH ACADEMY OF SCIENCES IN 1961

R-1961 Poland : 1963

ULTRASONIC INSPECTION
SAE Information Report SAE Jh28

Report of Iron & Steel Technical Committee approved June 1960.
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ULTRASONIC MEASUREMENT: A BIRLIOGRAPEY
S&ID 63-168

S&ID Accession No. 17982 1 '
NAA/SID . %3

This report is a bibliography of periodical articles on ultra-
sonic measurenent published in Englisn during tne years 1953-19621

AR ke e oo s i e

NONDESTRUCTIVE TESTING OF ADHESIVE BONDED JOINTS: A PARTIALLY
AN‘\IO'I.‘A D BIBLIOGRAPHY

S&ID
SID 62-26 ' January 1962

This report is a survey of. the literature on the nondestructive
testing of adheslve bonds. Most of the items listed are tech-
nical reports and refer to ultrasonic testing rethods. The
period covered is from 191.7 to July 1961.

BIBLIOGRAPHY: PROPAGATION OF IIIGH FREQUENCY STRESS WAVES IN
SOLIDS

R. Truell

No. 50301
Metals Research Lab

Brown Univ. Providence, R.I. January 1962
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19. SYMPOSIA

o —

SECOND SYMPOSIUM ON PHYSICS AND NONDESTRUCTIVES TESTING
R.A. 41 Novi
ANL-6515 (Argonne National Laboratory) 1961

The uses of positive-ion accelerators and neutron sources for
material evaluation and analysis are described in terms of basic
experimental results obtzined on & variety of problems. Surface
and volume activation techniques are eppraised from data as well
as from theoretical considerations. Problems of neutron end
radiocactivity detection are discussed from the viewpoint of re-
duction to practice in the industrial laboratory.

TEEE CONVENTION RECORD, PART 9
TEEE
IEEE, New York, N.Y. Marcy 1963

Covering Bio-medical electronics, Geoscience electronics,
Ultrasonics engineering.

IRE CONVENTION RECORD, PART 6
IRE
IRE, New York, N.Y. 1962

Covering U/S welding, machining, cleaning and wide band spectrum
analysis.

y -

\

SYMPOSIUM ON TESTING ADHESIVES FOR DURABILITY AND PERMANENCE ,

STP June 1952i
No. 138 :

An effort has been made to obtain specific data on the relation-
ship between the apparent behavior of wood adhesives in per-
manence tests and the construction of the test specimens. Outdoor
exposure and laboratory weter-immersion air-dry cyeling pro-
cedures, with the aid of phenolic or resorcinol resins were used
to study this reletionship. Brief attentionhs also been given

to recalling the interdependence of construction of plywood test
snecimens and maximum tensile shear strength, as established by
the Forest Products Laboratory years ago.
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2. U/S METHODS AND EQUIPMENT

21. TRANSDUCERS AND COUPLANTS
VARIABLE ANGLE TRANSDUCER WHEELS

: Branson Instruments, Ime.
| Stamford, Conn.
\

Bulletin T-222B - ' February 196k

PRELOADING OF ACOUSTIC TRANSDUCERS FOR HIGH PRESSURE OPERATION

A.D. Brickman ,

iJ. Acoustical Soc. America March.1962
.pp 305-311 34 No.3 ’ :

'The dRaracteristics of a piston-type transducer that must withstand
,varying hydrostatic pressures can be improved by mechanically pre- |
|loading the assembled transducer prior to operation and by carefully
‘matching the axial compliances of the individual elements. A simple
;analysis and some tests of an experimental preloaded transducer are

described, and the particular advantages of conical disk springs

{as transducer . iscolators_are discussed.

4

GENERATING ULTRASONICS AT MICROWAVE FREQUENCIES
W. Brouillette, W. Stephen . \ . -

Electronic Industries Magazine . November 1963
pp 93-95

. Concerning methods and problems involved in generating and handling.
| microwave sounds in the gigacycle range. '

PRODUCTION AND PROPERTIES OF HIGH INTENSITY ULTRASONICS
B. Brown '

i

! - _

' Industrial Electronics , January 1964
._Pp 4h-L6 '

i

' PIEZOELECTRICITY AND ULTRASONICS L o

W.G. Cady

'Sound . : ‘ V JhnuaryéFebruary]963?
pp 46-52 Vol. 2 Noa 1 j

b

“r

¢
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PIEZOELECTRIC AND ELECTROSTRICTIVE TRANSDUCERS

W.G. Cady ,

Wescon Proceedings 1957
pp '18-21 Vol. 1 Part No. 9 .

A non-technical account is given of the general characteristics of
plezoelectric transducers. The types used in sonar, in research on
the acoustic properties of materials, and in various other
applications, both resonating andron-resonating, are describved.
Special attention is given to the uses of barium titanate ceramics. |
There follows a discussion of electrostriction, with special refer-
| ence to the recently developed electrostrictive relay.

VIBRATION MEASURIING APPARATUS
J.8. Arnold, J.G. Martner

U.S. Patent Office = . February 18, P6Ul
| No. 3,121,327 L -

NEW DEVELOPMENTS IN U/S TRANSDUCERS & THEIR APPLICATION TO NDT

J.P. Bacon _ .,

T

NDT ' ‘ | May-June 1961
p 184

The theoretical and practical application of new crystalline mat-
erials for ultrasonic flaw detection are discussed. Factors which
" influence resolution and sensitivity; establish the need for compenw
| sating aid matching networks, and govern the design requirements
6f the pulser and receiver are oulined. Also a new "Delta" type
transducer having operational cspabilities over the frequency range |
of 30 ke to 5 megacycles is discussed. ‘

&
.
| RECENT DEVELOPMENTS IN FERROELECTRIC TRANSDUCER MATERIALS
; : - _
- D. Berlincourt )

! IRE Prof. Group on U/S Engineering, Transactions ' 1959

P o
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’ 'ETRANSDUCER PROPERTIES OF LEAD TITANATE ZIRCONATE CERAMICS
D. Berlincourt et al

IRE Convention Record pt. 6 ' 1959
pp 227-2L40 o ’

Physical properties of two commercial ceramics of the }ead titanate
zirconate family are presented and are compared with data for typi-
cal barium titanate ceramics. The importance of dielectric losses
is stressed. Preference is given to showing heat generated as a

function of nonresonant strain amplitude rathe than electric-field
amplitude. In this type of presentation, common barium titanate

ceramics vary little from each other, while lead titanate zirconate

EXCITATION AND ATTIERUATION OF HYPERSONIC WAVES IN QUARTZ
H.E. Bormel, K. Dransfeld

The Physical Review . March 1960
pp 1245-1252 Vol. 117 No. §

‘ A method for the generation and detection of hypersonic waves, which
has only been briefly described earlier, together with some ab-
sorption measureménts In quartz, is discussed in some detail.
Further measurements of thehypersonic absorption in quartz at diff-
erent crystal orientations and after neutron irradiation are remteds
The results are in qualitative agreement with a phonon-phonon re-
ilmtion process.

A TUNED CAPACITIVE DETECTOR FOR HIGH FREQUENCY WIBRATIONS

P.G. Bordoni, M. Nuovo

Acustica - 1958
'pp 351-362 Vol. 8

| 4
EA new apparatus for studying the longitudinal vibrations of plates 54
.in the megacycle range has been developed using an electrostatic
'drive and detector. The mechanical Vibrations are converted to an
§a=c signal by means of a d-c polarising voltage applied to the
iprobe as is normally done for electrostatic microphones.

‘The detection circuit is tuned on the vibration frequency; in this
way a high sensitivity has been obtained. Detailed information

. "1s civen on the circuitry and on upper frequency limits for the

Eanpplicaticm of the apparatus in the measurement of the mechanical
properties of plates. éw okak,

)

33



| NA-65-813

— A NEW TYFE DIRECTIVE SOUND SOURCE FOR LONG RANGE SONAR |
D.E. Church

Wescon Proceedings ‘ 1
pp L-12 Vol. 3 Part No. 6 . ' 9%

This paper describes a new type of underwater, low-frequency sound

. source which is analogous to the highly directional end-fire antema
{ array. The sound source is in the form of a long thin rod which ‘
. radiates sound energy into the water by means of axially symmetrical
i waves travelling in the direction of the rod axis. The rod is de~ 3
! signed so that the phase velocity of a compressive wave is equal ]
'+ to the acoustic velocity is the surrounding medium. Acoustic energy
is coupled into the rod from a driving transducer mounted at one

end. -Under ONR sponsorship, a 10-kc model of the sound source was
i designed and tested. o -

! LAUNCHING ULTRASONIC SHEAR WAVES INTO SOLIDS AT NORMAL INCIDENCE BY
PRESSURE COUPLING

D.I. Crecraft

J. Sound Vib. I (&) , | 196k
pp 381-367 ‘ '

The launching of ultrasonic shear waves generated by a crystal
transducerinto a solid medium is discussed, and the method whereby
! the transverse oscillations are coupled from the transducer to the
medium by the application of a steady mechanical pressure is more
particularly examined. The mechanical design of a single-crystal
transducer, and of a four-crystal transducer which enables per=-
pendicular planes of polarization to be readily selected, is
discussed, together with methods of applying the steady pressure
(which is typically about 20,000 1b/in€). The design of a shear
wedge which permits the axis of polarization of a transducer to be
readily determined is also given.

—d

PIEZEOELECTRIC TRANSDUCERS YIELDS ULTRA HIGH WAVES

J. deKlerk, E.F. Kelly

Steel Magazine September 1k, 196k

p 151

34
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"SCIENTIFIC-TECHNICAL CONFERENCE ON PHYSICAL METHODS FOR THE NOK-
DESTRUCTIVE TESTING OF MATERIALS

!D.B. Dianov

?AkuSticheskii Zhurnal N July-Septerber 1961
‘pp 394-396 Vol. 7 No. 3

g

A REVIEW OF PROGRESS MADE IN THE DEVELOPMENT OF VIBRATING SAMPLE
} AND VIBRATING COIL MAGNETOMETERS

D. Feldmann, R.P, Hunt - [

Air Force Materials Laboratories ML-TDR-64-306  December 196k
W-P AF¥B

The authors are engaged in research on ferro- and ferrimagnetic
materials and their magnetic anisotropies. In the course of thet
investigations they both built or modified a vibrating sample
magnetometer. During this work they performed extensive litera-
ture surveys in this area. This report combines the effort of
both authors in reviewing the development of Vibration lna.gneto-
meters up to the current date.,

'NEW TYPES OF U/S TRANSDUCERS - TWO U/S TRANSDUCERS USE CADMIUM-SUL-
FITE*

N.F. Foster

. Electronic Design ) ' April 13, 1964
p 103 : . )
*included, p 133

APPARTUS FOR THE DETECTION OF PIEZOELECTRIC COUPLING

L. Frenkel

[

' Journal of Research o February 1?63 [
PP 197-199 Vol. 67C Fo. 3

An epparatus for the investigation of the piezoelectric coggli:§+;:d;
s descerived. The apparatus is based On Ine
5;&3?l§§ ngdEZ;eibe but employs the sensitive detection and rigord-
ing methods commonly employed in the study of nuclear quadrupo ‘n
. ~caonances. Some sample recorder traces are shown. The traces 1n
" dicate that the spparatus is a workable qualitative tool with at
_ least the possibility of some quantitative usefulness.

-
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. A REVIEW OF PROGRESS MADE IN THE DEVELOPMENT OF VIBRATING SAMPLE.
. AND VIBRATING COIL MAGNETOMETERS . -

D. Feldman, R.P. Bunt :

‘

| ML-TDR-61-306 " December 196k
»Mass. Inst. Tbch. '

l

This report reviews the development of Vibrating coil and vibrating | |

- sample magnetometers. The measuring principle is compared with other -

methods of measuring magnetization. .The principal advantages of the |
:oscillatory method are shown as well as the main aspects which have
to be considered if one wishes to build such an instrument. Twenty-
‘nine references are included. -

i
!

‘U/S INTENSITY GAIN BY COMPOSITE TRANSDUCERS
W.J. Fry, F. Dunn

J. Acoustical Soc. America "February 1962
pp 188-192 34 No. 2 .

fThe radiation of plane acoustic waves into a medium by composite
layered transducers composed of a piezoelectric element and two _
lossless coupling media is described analytically. The increase

in acoustic intensity in the medium receiving the radiation produced}

by the composite structure over that produced by direct coupling
(piezoelectric element in contact with the medium), for the same
value of the electric field strength, is considered quantitatively
and the results are presented graphically. Composite transducers

of the type described can be expected to achieve considerably

higher ultrasonic intensities (lOOO fold increase) in both unfocused
and focused beams than have heretofore been realized. :

Cat: 21

- e - e e e e s

~ oy
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POINT COVTRACT TRANSDUCIRS Tu? LuTRASOVIC TESTING
O.R. Gericke

Watertowm Arsenal Laboratories, Watertown T2, Mass. )
Report -No. WAL TR 1h3 5/1 June 1962
pp 9 - illus, .

The feasibility of employing point shaped ultrasonic transducers
which directly amplify the detected ultrasonic signal was investis
gated. Two approaches were considered, one wed a semiconductor
point with a depletion layer at the very tip produced by a bias
voltage, the other employed the variation of contract resistance
with, contract pressure. The latter method was explored experimennlly
and found suitable for the detection of ultrasonic energy. In -
addition, experiments are described in which high-frequency sparks
were produced at the specimen surface to generate ultrasonic vib-

.. rationa . . U

A METHOD FOR DEFECT DISCRIMINATION IN AUTOMATIC MULTIPLE TRANSDUCER
INSPECION SYSTEMS

‘W.A. Gunkel

Material Evaluation - February 196k
pp 80-84

‘A system of four transducers and nine channels which had been used fuor
flaw detection and discrimination on pipes was described. Because
each channel provided different information concerning the defect,
it was possible to determine not only the location of the flaw but

“also the size and the type of flaw,

EFFEC/ITS OF EXTRANEOUS MEDIUM UPON THE SENSITIVITY OF DEFECT DETECTION
BY U/S 3

A Ko Gurvich -

Zavodskaya Ldboratoriya ‘ September 1960
pp 1102-03 (Russian) Vol., 26 No. 9

PP 1177-78 (English

37
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: EXPERIMENTAL TECHENIQUES USED IN UNDERGROUND EQUATION OF STATR

" W.H, Gust, B.L. Hord
University of California UCRL - T931

awrence Radistion Laboratory July 1964

S

Critical analysis of the geometric end operational
characteristics of a system used for making underground
contained equation-of-state measurements is presented.
Equation-of-state parameters for a well-known material were
measured within uncertainties of less than 1 percent.
Adequate shock pin reports were recorded for about 99 percent
of the pins used,

———— e —

MAGNETOSTRICTIVE TRANSDUCER DOUBLES U/S EFFICIENCY

Iron Age November 20, 1958
rp 98-99

ey

'ANGLED SOUND WAVES FIND FLAWS . ‘

'The Iron Age (msgazine) February 13, 1964
ip 87 - . ) .

TRANSDUCERS FOR SONIC FATIGUE MEASUREMENTS .

R.D, Kelly

Tech Report AFFDL-TR~64-1T1 February 1965
W-P AFB .

This report discusses the rachine errors of transducer systems used
for the reasurement of dynamic input and response data during sonic
fatigue testing. The specific types of transducers covered are
accelerometers, microphones, and strein gages. The basic operating
principles, intrinsic inaccuracies, environmentally related in-
accuracies, and usage ineccuracies are described., These inaccuracies}
are broken down into errors occurring in the transducer, cabling,
and signal conditioner, as well as those due to system operation..

In addition, methods for minimizing these errors are givea.




NA-65-813

PITFALLS OF OPTICAL MEASUREMENTS
!

‘H. Lamport, H.H. Zinsser

i : L
J. Acoustical Soc. America April 1999

pp 435-438 31 NWo. U

An easily fabricated, bifilar wire strain gage wound helically about
the hilt of an U/S magnostrictive transducer measures amplitude and

is more convenient than optical methods. Pitfalls in the usual optie-
_cal method are fllustrated and discussed,

STRAIN GAUGE MEASUREMENT OF OUTPUT OF MAGNETOSTRICTIVE U/ S TRANSDUCER

1

THE TRANSMISSION EFFICIENCY OF LIQUID COUPLANTS dN ROUGH SURFACES
WHEN USING LONGITUDINAL WAVES
.J .D. lavender

Journal B.S.C.R.A, ~ June 1963

No. T3
I

’:Conc_erning testing of couplants used in U/S testing by means of cone _

‘tact scanning techniques,
i ,

| SPECIFICATION FOR A STUDY OF THE FUNDAMENTAL CHARACTERISTICS OF
ULTRASONIC TRANSDUCERS : : .

NAA/LAD Report May 1963

U S

. No. LA-63-141-8

RECIFROCITY CALIBRATION OF ELECTROACUSTIC TRANSDUCERS IN THE TIME
DOMATN _ :

A.F. Niemoeller

J. Acoustical Soc. America Decenber 1961
op 1712-1T19 Vol. 33 DNo. 12

A method of directly evaluating the impulse response of a reciprocal
electroacoustic transducer is presented. The method is essentially

amianatr_Aamadn »a_
r=aBel

. R A messasse orne P oa =
the time-domain analog of the conventional (.u.vwius.n\.;—uw <

ciprocity method. The transient response of a coupled pair of identis

cal transducers is used to compute the impulse response of elther of

the pair. A nurerical method of obtaining a solution is presented
and is shown to be equivalent to the numerical solution of a real

convolution intesral'..eqt_mtion.
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A NOVEL MAGNETOSTRICTIVE U/S "JACK-HAMVER" TYPE ROTATING DRILL FOR
BORING SMALL HOLES IN HARD MATERIALS

N.K. Marshall

Wescon Proceedings 1957
) pp 18-21 Vol. 1 Part No. 9 .

"~ A new technique for ultrasonic drilling of precision small-diameter

| holes in glass-hard materials such as ceramic magnets and ferrite
cores is described and demonstrated. A specially shaped waveform

: 1s used to drive a magnetostriction transducer at an operating fre-

| quency of 28 ke/sec to produce a novel rotating "Jjack-hammer" action
vwhich meeds up the drilling process and increases the accuracy of the

_finished hole. e

e e B el

A BARIUM TITANTE TRANSDUCER CAPABLE OF LARGE MOTION AT AN ULTRASONIC
FREQUENCY .

W.P. Mason, R.F. Wick

~ J. Acous Soc Amer ' March 51
pp 209-214 Vol. 23 No. 2

By using a barium titarate cylinder poled radially a lengthwise rotin
can be excited in the cylinder whose resonasnt frequency is controlled
by the length of the cylinder. By using a L percent lead titanate-

_barium titanate combination, stresses up to 1000 pounds per square
inch of cross-sectional dimension and motions up to 50 parts in 106
times the length of the cylinder are available for static or slowly

- varying voltages of 15,000 volts per centimeter along the radial

' dimension. When such a cylinder is driven at its resonant frequency,
the maximum strain appears to be limited to 10" by heating considea-

~ tions if no cooling is used.

EFFICIENT LOW COST U/S TRANSNIXCERS FOR USE IN REMOTE CONTROL AND
CARRIER FREQUENCY APPLICATIONS

t
'F, Massa
|

"IRE Int. Convention Record . : » 1960
pp 243-245 No. 8 pt. 6 :

‘A small efficient U/S transducer is described which incorporates a
specially electroded piezoelectric disc bonded to a second plate,




R 4

. THE, MEASUREMENT OF DELAY-LINE TRANSDUCER RESISTAICE

' 3.J.G. McCue, J.A. Leavitt

|

' IRE National Convention Record 1958

. pp 143-146 Part 2

| Discussion dealing with three methods for measuring transducer re-

' tance bridge.

sistance: the varisble external shunt, the Q-meter, and the admit-

A METHOD OF IDENTIFICATION, MEASUREMENT, AND RECORDING ULTRASONIC ‘:
TRANSDUCER CHARACTERISTICS

J.Ts McElroy

Autazation Industries Technical Report 64-22 June 1964

A method is described vhereby the frequency, damping, acoustical

1
— -

impedance, and beem symnetry of ultrasonic transducers can be
accurately measured, The system consisted of pulse excitation of
the transducer and analyzing the out put on an oscilloscope.

This method might be good for obtaining the characteristics of any
transducers we design.

PERFORMANCE OF RIGH FREQUENCY BARIUM TITANATE TRANSDUCERS FOR

GENERATING U/S WAVES IN LIQUIDS

H.J. MCSkﬁnin

~ J, Acoustical Soc, Of America November 1959

Pp 1519-1522 Vol. 31 No. 1l

A study is made of high freguency berium titanate transducers
radiating into water, with band width and efficiency veing of princi-
pal concern. Focusing radiators, as well as plane, were tested,

[ 4
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;
I

|

f

?

|

\

| with _or without metal diaphrams,

L_cam.mt1on_e1:c>sic.!r),_________ I

J.B. Morgan

Tron Age August 6, 1953
PP 131-135 _ .

Results are comparable to immersion method without immersing the
work. Defects but ~/8 in. below the surface of aluminum are
detected. The device consists of a water column im plastic tube -

SHIFT IN THE LOCATION OF RESONANT FREQUENCIES CAUSED BY LARGE

. ELECTROMECHANICAL COUPLING IN THICKNESS-MODE RESONATORS

M' o‘w et. u.

' Journ. Acoust., Soc., Amer, | : ' 1963

The fundamentsl and overtone resonant frequencies of a thickness-
mode, piezoelectric resonator depart from an integral-multiple re-
lationship when the electromechanical coupling of the resonator

. material becomes large., An irmportant practical application of this

anharmonicity is in the determination of the coupling factor from
the ratios of the measured fundamental and overtone resonant free

- quencies, For this purpose, roots of the frequency equation are _
tabulated for values of mode number ranging from 1 to 4t and of coup-

| ling coefficient ranging from O to 0.99 in intervals of 0,01,

CAVITATION EROSION OF SONIC RADIATING SURFACES

H.F. Osterman

" IRE National Convention Record 1959

Pp 213-218 Part 6

@
i

!

i

Discussion concerning the problem incident to maintaining high lewls :

of efficiency and performance in U/S installations as regards

J

AUTOSONICS - PROBLEMS AND EXPERIENCES IN AUTOMATIC PRODUCTION TESTING

)

C.A. Rankin

Materialprufung Novenber 1960

1

L2 . o
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; Piezoelectric, ferroelectric and magnetostrictive transducers were
i considered. A good discussion of the basics of transducer techmo-

LAMB WAVE SEARCH UNIT

Sales Data Sheet , " October 1958 .
pp 50-227 ‘ ' '

A search unit is described which generates Lamb Waves for the
inspection of discontinuities close to the surface. In particular,
mention was made of the method's ability to test and reveal shallow ]
laminar type defects such as those that exist in hongycomb to
sheet bonds, thin sheet laminates, flat plates, etc.

WHERE ULTRASONIC TRANSDUCERS ARE TODAY
Dr. E, Sittig

Electronic Industries (magazine) June. 1963
pp E2-E5 ' :

A quallita.tive discussion on the types of transducers, applications
of transducers and the limitation of transducers was presented. .

logy is presented.,

.

LS

WAYS TO INCRsASE TH: ReSOLUTION OF U/S FLAW DETHCTORS
'Dssmumr&aewhuw

Zavodskaya La.boratoriya . Jan 1962
Vol 28 No. 1 pp 60-66 o :
(English translation)

It is shown that the methods for increasing the
resolution of an U/S flaw detector are to decrease length !
of the driving pulse and duration of the free vibrations.
The proposed method of obtaining pulses of various lengths
abd oiwers,...is based on a time selectlve, electrical
compensation of the free vibrations in an undamped piezo
cell during emission with a subsequent electric or

acoustic compensation during reception.

N

k3 [
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>,
 SURFACE WAVE SEARCH UNIT
Sperry Products
Siles Data Sheet August 1954

50-208

A transducer is described which generates surface waves in metals,
The surface waves will detect discontinuities on the surface or Just
below of distances of up to 10 feet, The theory of operation is
briefly described, The transducer may be of use in honeycoib test-

ing.

BONDING METHODS & A BONDING CLAMP FOR U/S MEASUREMENTS
P.F. Sullivan

J. Acoustical Soc. of America December 1962
pp 1879-1882 Vol. 34 No. 12 -

The results of an experimental investigation into the techniques of
coupling the transducer to the specimen in making ultrasonic mea-
surements are presented. Two major couplants, glycerine and phenyl
salicylate, were subjJected to tests. As a result of these tests, a
bonding clamp was developed that greatly increased the reproducie
bility a.ud accuracy of the measurements, o .

' INCREASING BANDWIDTHS OF U/S RADIATORS

|

 H.M, Thaxton, O.L. Gallagher

| Electronics July 6, 1962
| pp 60-62 Vol, 35 Ko, 27

| Sigiw.l—to-noise ratio 1s improved by propsgating Rayleigh U/S waves,
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- EFFECT OF ELECTRICAL & MECHANICAL TERMINATING RESISTANCES ON 10Ss
" AND BANDWIDTH ACCORDING TO THE CONVENTIONAL EQUIVALENT CIRCUIT OF A
. PIEZOELECTRIC TRANSDUCER

! R.N. Thurston

IRE National Convention Record Part 6 1959
pp 260-268

The paper includes a rather complete analysis of transducer loss

and bandwidth as a function o7 *he rmechanical and electrical
terminations. The case of a series tuning inductor is treated by
making use of an approximate correspondence with the shunt case,
'Lnemu.ts to be expected without a tuning inductor are also indicated.

f , ‘ o
! .

ELECTROMECHANICAL COUPLING AND COMPOSITE TRANSDUCERS

W.J. Toulls
i

J. Acoust, Soc. Amer, ' 1963
PP T4-80 Vol. 35 No. 1 _

Measurements with composite types of transducers indicate that both !
the classical definition of the electromechanical coupling factor
and the equivalent circuit for a piezoelectric transducer require
revisions for improved consistency., The effective coupling coeff-
icient depends on the proportion of the pilezoelectric material
. that 1s employed electromechanically rather than being independent of
. 1t as implied by existing definitive formulations,

P S

;
EFFECT OF LACK OF PARALLELISM OF SMAPLE FACES ON MEASUREMENT OF U/S |
ATTENUATION o |

Re. Truell, W, Oates

J. Acoustical So, America September 1963
pp 1382-1386 Vol, 35 No. 9

The measurement of ultrasonic attenuation and velocity at megacycle
frequencies demands that the sample faces be parallel within limits
that require extreme care. The importance of maintaining the
tolerances in question is shown in terms of the echo patterns for
various cases in which the tolerances are held and in which they are
not. At the highest frequencies attained thus far (i.e, about 2500
Mc/sec) with ultrasonic stress waves, the limits on parallelisms

are so severe that there are at present no instruments capable of
making the nacessary measurements to control the sample parallelism.

45
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" NEW HIGH POWER MAGNETOSTRICTION TRANSDUCERS )

!
U/S News _; October 1957
pp 1b-15 S

This paper discusses the design of three new high-efficiency
magnetostriction transducers ranging in power-handling capacity from
i 50 watts to 1600 watts continuous input. Complete experimental pere
. formance data are shown which indicate over LO per cent actual con-

| version of electrical input into measured acoustic power., ]

ULTRASONOSCOPE BULLETIN

! y/s Probes L : 1963
Sheet No, 1 and No, 2

Listings and tables covering standard and _sgi_l_.gg_tge_d:g/S proves,

i ]
; VIBRATION MEASUREMENT
| .

"I, Vigness

" (source unidentified)
_pp 1-15/15-28 Chpte 15

TRANSDUCER MARKET ANALYSIS

G, VonVick ...

Instruments & Control Systems January 1965
pp 117-119 Vol. 38

. Discussion of problems associated with the sélection, design and
..marketing of & new transducer. . _ . _

PIEZOELECTRIC PROBES FOR IMMERSION ULTRASONIC TESTING
D.C.B, Walker, R.F, Lumb

Applied Materials Research = . July 1964 |
PP 176-183 ‘

Discussion of the properties of various piezoelectric crystals

available for manufacture of U/S probes. Material properties are

evaluated and methods of collimating or focusing probes are illus-
,Ttrated_bx_xe,ferencc_td_a particular application, -

46
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- ol

PROPERTIES OF PIEZOELECTRIC MATERIALS

W.D, Wedlock ,
} » : '
Army Mat'l Res. Agency AMRA MS 64-05 ‘ June 1964

: The purpose of this monograph is to provide a source of data on a

+ wide variety of plezoelectric materials which will be useful to

~ those conducting research in this area as welles to the engineer

! designing ultrasonic transducers, filters, and other piezoelectrie
. devices, The numerical data are given in the rationalized MKS

: system in accordance with the IRE Standards on Piezoelectr:lcity, as
L are the symbols employed.

- DEPLETION LAYER TRANSDUCER - A NEW HIGH FREQUENCY U/S TRANSDUCER*

!

" D.L, Wh:l.te
. IRE Convention Recard 1961
pp 304-309 Vol., 9 Eart 6
*Also reprinted in IRE Transactions on U/S Engrg. © July 1962
, PP 21-27

. The depletion layer transducer is an ultrasonic transducer for use
at UHF and microwave frequencies, Its potential advantages are
high effidency, large bandwidth, and comparative simplicity in
fabrication., The region which generates or detects the ultrasonic
waves is a thin flat high-resistance depletion layer, such as a p-n
Junction or a rectifying metal to semiconductor contract, in an

extrinsic piezoelectric semiconductor. When an ac voltage is

lied to the material, the depletion layer behaves in a mann
gﬁilir to an extrenely thin plezoelectrizecrystal bonded to the.

i_ conducting substrate.

DESIGN OF NICKEL MAGNETOSTRICTION TRANSDUCERS

" B.A. Wise |

| Internatioﬁal Nickel Co. Imc. (N.Y.) " 1960 |

Sunmary of ekperience in .design of special transducers employing .
magnetostrictive properties of nickel,
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} HICH-FREQUENCY ELECTROSTATIC TRANSDUCERS FOR USE IN GASES
i W.M, Wright

| 1962 IRE International Convention Record, Part 6 | I
. IRE Part 62-6 _ . March 1962
; _
- Discussion of transducer design, theoretical results, experimental
- characteristics, and applications.

.
e e g e < o i o b 2

': Cat: 21 ‘ !
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| 22. SCAN AND RECORD SYSTEMS
{ AN ULTRASONIC SCANNER AND RECORDING SYSTEM*

ON. Be0k :
Symposium on NDT in the Field of Nuclear Energy 8/16-18/ 5T

. ASTM Special Publication No, 223 April 1957

# Condensed version of this article appears in January-February 1957
copy of NDT magazine, pp 42-13,

Description of an U/S scanner developed at Argonne Nat. Lab,, to
handle large items on a production volume basis.

i
| USES OF STATISTICAL METHODS FCR ULTRASONIC INSPECTION PROBLEMS
' M.J. Bratt ' N

Nondestructive !l\esting September-October 1957
pp 282.287 -

; Basic concepts of statistics are outlined., Examples are given to
illustrate the use of statistical methods in analyzing data obtained
in typical test problems, v

| ULTRASONIC FLAWPLOTTING EQUIPMENT-A NEW CONCEPT FOR INDUSTRIAL
' INSPECTION

~ R.W. Buchanan, C.H.: Ha.stinga

Nondestructive Testing October 1955
PP 17-25

The results are presented of an evaluation of the Ultrasonic Flaw
Plotting Equipment, a device which involves in combination such
novel features as modulated water stream acoustic coupling, plan and
cross-section view pictorial presentation of flaw images, and a mane;
ually operated search scanner capable of coping with a wide variety
of specimen geometry. .

L9. |
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' Nondestructive Testing Magazine
' pp 27-31

television _tube,

T

!

'W.8, Erwin

U/S INSPFECTION USING AUTOMATIC RECORDING & FREQUENCY MODULATED "
FLAW DETECTOR.

D000 Erdman
November-Decenber 1963 \

[y ——

In this paper an attempt has been made to show the requirements for
a complete description of internal flaws; the depth té the flaw f.
and its area or boundaries should be presented by organized data
collected from two scans or views of the part, The area or bound-
aries can be given in a plan view as though one were looking down om.
top of the part and flaw, The "B" scan or cross-section view shows
the position of the flaw in relation to the upper and lower surfaces ;

of the metal and gives a very easily interperted display. Whenever

s desired to ascertain the extent of a fl mdl_whe -
H“& procedure allows, it is recommende thataghg plan wrr‘fgsrdggg%e

recorded vwhile the B-scan or cross-section is being observed on the

SUPERSONIC MEASUREMENT

Steel Magazine _ Morch 5, 1945
pp 181-1 ,

Use of U/S apparatus in performing vital inspection of aircraft
parts. _

'designed and constructed to detect ertificial flaws as small as

A NEW SEARCH TECHNIQUE FOR ULTRASONIC INSPECTION OF SHEET STEEL
S.D, Hart, L.C, Cardinal

Report of NAL Progress . N ' March 196k .
PP 4-10 : '

Discussion of an U/S device with rotating transducers which has been

‘
|
{
!

~ IMMERSED ULTRASONIC TESTING AND RECORDING

0,009 inch deep and 0.25 inch long in a steel plate,

W.C. Hitt, R.D. McKown

SAE paper U33A January 8-12, 1962

Automotive Engineering Congress

50
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" AN EVALUATION OF AN ULTRASONIC INSPECTION SYSTEM EMPLOYING TELEVISIN,
. TECHNIQUES '

JE. Jacobs et, al.

Materials Evaluation . May 1964
. PP 209-212 ..

An ultrasonic imaging system was described which differed from
standard systems in than an electron rmultiplier was added in the
camera tube. The image system was found to be equal or better

than a mechanically scanned through transmission system at detecting
flaws. It was concluded that the system would be useful for
detecting disbonds, voids, and inhomogeneity with greater resolving

i powerer.

o

' NEW ULTRASONIC METHOD FOR INSPECTING THIN SHEET

Li%gt Metal Age February 1964
P : ’

A description was made of a new detection device called the Vari-
able Angle Wheel (developed by Sperry). The unit is capable of
generating lemb waves ofwrious angles, and consists of one or more
trausducers located in the axis of a wheel filled with water. The

- method has the advantage of requiring minirmm couplant conditions,

i high testing speeds, keeping variations in back angle reflections to
| & minirum, and elimination of tanks.

'
1

| .

| ' :

' SPOT WELD SCANNER AND RECORDER SYSTEM - also ~ U/S BUTT WELD
. SCANNING/RECORDING SYSTEM (BULLETIN) -2 ea.-

i Marshall Space Flight Center : (no date)

" |_Bulletins_from Technology Status and Trends Symposium.

é ULTRASOUND MAPS FLAWS IN BONDS

W.N. Redstreake

: Iron Age S January 23, 1964

| pp 58-59

l
An automatic U/S test system provides detailed maps of the unbonded
flaws in wanium-filled fuel elements. When a defect moves past

. the sensors, visual and audible alarms are triggered.

'
1
L]
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-

* CONFERENCE ON 'NEW ELECTRONIC TECHNIQUES IN NONDESTRUCTIVE TESTING'

J.A, Sargrove

Journ, Brit. IRE | April 1962
pp 256-258 :

Introductory address concerning past and present developm.nto in the
field of automatic inspection and nondestructive testing,

SCANNING SYSTEMS
P, Underhill

* American Rocket Soc. ARS No. 2304-62 :
: Solid Propellant Rocket Conf. January 2k-26, 1962
| .

' Paper discussing automatic scanning systems used to locate the size,
L_shape and location of flaws within solid propellant motors.

" AN AUTOMATIC ULTRASONIC TESTING INSTALIATION FOR VERY LARGE METAL
. PLATES -
|

!

' Ultrasonoscope Co. ., : | .

_Technical Commmdication No. 393 1962
N
' PRESENT TRENDS IN U/S TESTING

H.E, Van Valkenberg

NDT May-June 1963
pp 178-180 Vol. 21 No. 3

| Discussion of the_status of sutomation as applied to U/S inspection. |
|
~ IMPROVED METHODS FOR MEASURING U/S VELOCITY

|

G.W, Willard

Je Acoustical Soc. America January 1951
pp 83«93 Vol. 23 No. T

Discussion of improved sound wave interference methods for
measuring longitudinal and transverse U/S velocity in opague and

_trensparent solids by use of the U/S 1ipht diffraction system, |
i
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23. SPECIFIC METHODS (IONGITUDINAL WAVES) 1

ULTRASUNIC APPARATUS FOR Tils IIDT'OF STRUCTURAL BONDS . ) '
J.S.Arnold '

t U.S.Patent Ho. 2,851,876 1@@234915_'___;,‘ |

|

STRUCTURAL BOND EVALUATION
J.S. Arnold et. al, |

U.S, Patent No. 3,016,735 January 16, 1962

ULTRASONICS SPECTRUM ANALYZERS
'l , ‘ ‘ .
.| ARB No. 10851 . B July 1962
 Armed Services Technical Information Agency

| A report bibliography. )
!

SONIC PULSE-ECHO INSTRUMENT DESIGNED FOR EXTREME RESOLUTION (SPIDER) |
FOR NONDESTRUCTIVE TESTING - o= .

R.J. Botsco

' PDL, Report No. CD=-3803 August 1964

| e

_Report presenting the basic theory and operational characteristics
of a sonic pulse-echo instrument designed for extreme resolution

{ (SPIDER).

|
! : :
' METHOD OF ND ANALYSIS FOR LATENT DEFECTS
|

1 T. De Forest

| U.S. Patent Office | May 1962
Patent No, 3,034,334

53



NA-65w813

PP 36-l1

Discussion of the frequency-snalysis technique peculiar to the three

FREQUENCY ANALYSIS OF NOISE
E.F. Feldman

Electro-Technology . June 1964

fundamental types of wave forms encountered in measurement and -
analysis of noise, :

. WAL TR 830.5/5

| A novel ultrasonic test method is described utilizing ultrasonic sigd

GEOMETRY OF HIDDEN DEFECTS DETERMINED BY U/S PULSE ANALYSIS AND
SPECTROSCOPY

0.I.R. Gericke

Watertown Arsenal lLab, (Ma.ss)’ Decenber 1962

nals which contain a broad band of frequencies, and, in analogy to
optics, can therefore be considered as "white" ultrasonic pulses.
The form and spectral energy distributicn, or "color”, of such
ultresonic pulses is influenced by the geometry of a defect from wich
they are relected., Hence, an analysis of the defect echo yields in<
formation on the defect éonfiguration.

. ponents of the echo obtained in U/S testing, and application to
' U/S testing of steel.

ULTRASONIC SPECTROSCOPY OF STEEL
0.R. Gericke

Materials Research and Standards January 1965
pp 23-30 ‘ ’

Discussion of methods and results of measuring the freq_uency com-~

g
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DETERMINATION OF THE GEOMETRY OF HIDDEN DEFECTS BY ULTRASONIC PULSE
ANALYSIS TESTING

0.R. Gericke

 Journsl of the Acoustical Society of America ' March 1963
PP 36L4-368 Vol. 35 No. 3

Experimentation was descrived to determine the effectiveness of wide
vend pulses (White pulses") rich in Fourier components. These :
pulese were compared to narrow band or "monochromatic" pulses on
various defects, The vwhite pulse method was considerebly more
effective than the monochromatic method. It was concluded that the
main advantage of this method was that differences in configuration
or orientetion of concealéd defects ca.n be determined,

This article gresents an excellent and easy to understand discussion'
of pulse=-spectrum analysis testing which appears to be easily |

i

applicable to honeycomd pa.nels. i

DUAL-FREQUENCY ULTRASONIC PULSE~-ECHO TESTING
0.R. Gericke

Journal of the Acoustical Society of America February 1964
pp 313"322 v°1. 36 NO. 2 :

A method was described along with reports of subsequent test whereby

simultaneous testing at two different frequencies using one trans-

ducer was possible. The key to the method was electronic response

. curve equalization somewhat by amplification at various frequencies,

+ It was found that this was not sulted for near=surface defect-size

. determination, that coupling conditions exhibit frequency dependmce,

. but that the method offered various advantages over conventional

! one=-frequency testing., It was concluded that the method is a
promising one for testing purposes but is ideally suited for other.

- specialized purposes., It was suggested that multiple frequency work

might yield better results,

This article contained some new and useful ide
; gith regard to NDT, 8 as for consideration

25
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Long Island, N.Y. ¢

SPECTRUM AND CONTOUR ANALYSIS OF ULTRASONIC PULSES FOR IMPROVED
NONDESTRUCTIVE TESTING -

O0.R. Gericke

Report No. WAL TR 830.5/1, , December 1960
Watertown Arsenal Laboratories, Watertown, Mass,

A novel technique for obtaining the ultrasonic attenuation frequency
relationship in a single operation is suggested and investigated.
This new method employs ultrasonic pulses which contain energy over
a wide band of frequencies, and uses a spectrum analyzer to detect
the frequency depondence of ultrasonic attenuation.

FINAL REPORT ON DEVELOPMENT OF HIGH-FREQUENCY ULTRASONIC SPECTRUM
ANALYZER

F.G. Haneman et. al,

RADC-TDR-62-343 .
Airborne Instruments Laboratory. ' ‘ June 192

A spectrum analyzer was developed that provides a frequency resolu=-
tion varying from 20 to 60 kc over the 10 to 16 Mc operating range.
The analyzer used ultrasonic and optical techniques to accomplish
the separation and display of the signal frequencies to be analyzed.
The electrical energy was converted to sonic energy in a water
medium by a quartz transducer, This energy was diffracted by an

echelon reflecting diffraction grating and then focused by a focus-
ing reflector. The display was obtained using a schlieren readout

stem. Collimated light is transmitted through the region con=- _,
ziining the focused sonic energy that is distr%buted,gpmigbnxguanﬁi

|

'

IMMERSION FESONANCE TESTING | L
R.V. Harris Vo

U/S News - s ; . Spring 1962
PP 6-11 L ; : .

Techniques and basic thedry bf immérsion resonance testing as applied
to various materials, = ; ' :

!

i
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RESONANCE TESTING WITHOUT CONTACT
R.V. Harris

,' U/S News ' ' " Winter 1960
i Pp 10-15 )
Use and application of the Vidigage in U/S_ pulse echo flaw detection.

FREQUENCY DEPENDENT EFFECTS IN U/S RESONANCE TESTING
' R.V. Harris, J.E, Bobbin . o

. NDT Journal . September-October 1960
. PP 327-332

|
Thickness measuring v/ Vidigage,

‘ ULTRASONIC M:CHANICAL I}PuDANCE MEASURING DsVICE
! "EJAHenry |
"U.S.Patent Né. 3,057,188 9 Oct 1962

. SPECTRUM ANALYSTS

~ Application Note 63 July 196k
l Hewlett-Packard Company : )

| Theory and application of spectrum enalysis,

7
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—
. DETERMINATION OF SIZE OF DEFECTS BYvU/S IMPULSE ECHO METHOD
gJ. Krautkranw: .

‘ . et
i Brit. J. Appl.. Physics June 1959 !
| PP 2L0-245 Vol. 10 il
It ) {
"Much to the detriment of ultrasonic testing and all attempts at i
standardization, it is not yet possible to compare the results from
different kinds of equipment regarding the echo of a back wall or a |
- small defect, In order to facilitate this, the relations between )
echo height, distance and size of circular disk defect are brought
into simple and universally applicable forms., It is shown that the |
first back echo of a simple plate is the most convenient reference
echo. with the help of & calibrated gainicontrol as accessory to a g
usual flaw detector and a graphical representation of the formulae,
. an equivalent circular disk defect can be attributed to the actual -
, defect, S . i
-
!
DETERMINATION OF
~ ANALYSIS

J.J. McGuire

FLAW GEOMETRY BY U/S PULSE CONTOUR AND SEECTRU&

| July 1961
Watertowm Arsenal Leb. (Mass) . H
WAL TR 830.5/2
| f almost &
ibes the application of U/S pulses o i
T el to pulse-echo testing, resulting in the simul
band of U/S frequencies.

This rep r
rectangulaxr envelope
taneous transmission of a wide

MATERIALS TESTING WITH ULTRASONICS (KRAUTKRAMER )
L.D. Rozenberg | | ’

Soviet Physics-Acoustics ' :
Vol. 8 No. 4 April-fune 1963

Comment: critique on Krauotkrarer, bibliography.
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‘ | " FREQUENCY BANDWIDTH CONSIDERATIONS L ULTRASONIC TESTING
C.P. Merhid | |

. Watertown Arsenal Le.'boratory , Watertown, Massachusetts

| WAL TR 143.7/1 - ~ January 1963 -

l The determination of flaw geometry and flaw orientation is a complex

- and difficult problem whose solution hes been sought since the
veginning of ultrasonic testing, Significant advances have been

© made toward solution of this problem, but many details have yet

to be resolved.

The frequency baaldwidth effects in relation to the above p'z:oblem
and the influence of bandwidth on amplitude indications from test
" blocks cormonly used to calibrate equipment sensitivity are discussed

In addition, an outgrowth of the sbove work is a realization of the
necessity for periodic evaluation of tra.nsducers.

[N v

ULTR;\SONIC SPECTRUM ANALYZER, REGONANCE MB'IHODS

R.M. Wilmotte

. Report No. 10, Proj. 101 . September 1955
. Raymond M. Wilmotte, Inc.

Washington, D.C,

' Sonic resonance, guarter-wave sections asimpedance tra.nsromra,'
experimental units and measuring equipment. -

ULTRASONIC SPECTRUM ANALYZER, SURVEY OF TRANSMISSION MEDIA
" RuM, Wilmotte

Report No, 1005, Proj., 101
~ Reymond M, Wilmotte ’ Inc.
, Washington, D,C,

, _
A survey of traasmission media including U/S properties in solids,

and measurement techniques.

59
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ULTRASONiC SPECTRUM ANALYZER, FREQUENCY PARTITIONING METHOD SURVEY |

R.M. Wilmotte °

Report ‘No, 1007, Proj. 101 | : June 1955
Raymond M, Wilmotte, Imc. :
Washington, D.C.

Frequency partitioning methods, scale expansion, and amplitude
indicatiom. . : '

- e

ki

Cat: . 23

]
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SHEAR

24k, SPECIFIC METHODS (IAMB, RALEIGH .
' A ‘ > TS - LAMB & RAYLEIGH WAVES

T v1LO] Y iaVoo 1IN P

!

F.A.Firestone & D.S.Ling, Jr..

Sperry Products, Inc, SR '
TR 50-6001 . \‘1958

]

LAMB WAVES - THSIR USS IN NCHDESTRUCTIVS TESTING
R.A.di Novi ' o

AIL-6630 ' " dar 1963 .
Argonne National Laboratory . :

A study was made to determine the effectiveness of
Lamb waves with respect to shear waves for the testing
of thin plates and tubes. Sirmlated cracks were made

. by scratching the saiples and tests were made with both
shear and Lamb rniodes using pulse echo techniques;
results are presented, ’

_ SOME NONDESTRUCTIVE TESTS FOR FILAMENT-WOUND STRUCTURES

| J.A. Hendron et, al,

 pp 261-27

: :zge for thni detection of volds in resin-glass structures is discusesed

Stds. for Filament-Wound Reinforced Plastics

Experimental results are given for several nondestructive tests de-
signed to measure the resin to glass ratio, to measure thickness,
and to locate voids, The measurement of back-scattered beta particle
using a radioactive source show promise for monitoring the resin

to glass ratlo especially as an in-process control, Two methods

of meesuring the thickness of nonmetallic materials are discussed
and the results of thickness measurements in the range from sero to
3 in, are given for an eddy current "lift-off" measurement method
and for a capacitance measurement method. Both of these methods meas
sure thickness from one side only but both require a metallic con-
ductor on the other side, The "corona method" is described and its

61 i
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. Shear Waves were discussed as a reliable means of flaw detection

- waves was discussed, experimental methods are listed for generating
. and utilizing shear waves in pipe testing. ‘

- INSPECTION OF METALS WITH ULTRASONIC SURFACE WAVES

" A brief theoretical discussion on the production of airface waves,
 their propagation and attenuation when traveling in metals. A

i
{
|
1

!

J.D. Ross

. IRE Netional Convention Record Part 2 . ‘ 1958
- pp 118-120

_problems sre discussed and illustrated in detail.

—

| VARIABLE DELAY LINE USING U/S SURFACE WAVES

. A discussion of a delay line usihg surface waves that can produce de-
' lays up to several milliseconds., A helical path along & cylinder
' provides a long path length for the surface wave., Barium titanate

ULTRASONIC FLAW DETECTION IN PIEES BY MEANS OF SHEAR WAVES .
{

C.D. Moriarty

Trans, of ASME o April 1951 §

in pipes. After a brief introduction in vwhich the theory of shear

w.C. Minton

Nondestructive Testing » | July-August 1954
P 1-4 Reprint 50-850 ‘ .

nurber of applications of surface wave methods to actual testing

U.S. Patent No. 3,165,922 January 19, 1965

_elements are used as both transmitting end receiving transducers.

PLATE WAVES SIMFLIFY CONTINUOUS U/s TESTS

Steel Magazine October 23, 1961
.79 .

R »

METHOD OF APPLYING ILAMB WAVES IN U/S TESTING

D.C. Worlton
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. - pp 260-265

APPLICATIONS OF LAMB WAVES IN ULTRASONIC TESTING
D.Cs Worltom

Symposiunm on NDT in the Field of Nuclear Ener ’ B §
4/16-18/57 AS™M Special Pub, Ko. 223 & S <

§ s — e e — . o —— | 1 AR L et

ULTRASONIC TESTING WITH LAMB WAVES -
- DeCe Worlton
Nondestructive Testing July=-August 1957

Lamb waves are extensively described and in particular, differ-
entiated from longitudinal, shear, and surface waves, Several
applications in nondestructive testing are mentioned, and the

advantage of being able to use any pulse length for the test is
emphasized, (The article provides a good introduction to Lamb

wave theory.)

Cat: 24
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IRE National Convention Record Part 2 1958

MEASUREMENT OF DELAY IN U/S SYSTEMS

D.ﬁ. Arenbérg

PP 121-_133

Presents a classification and comparison of the advantages and
limitations of methods used in measurement of delay time for

U/S testing delay-line techniques.

PROCEDURES FOR TESTING ULTRASONIC DELAY LINES _

Arenberg U/S 'Laboratory ' 1959
Jamaica Plain, Mass. '
Bulletin TD( sé)aev.

Discussion of the use of U/S tést equipment with reference to
U/S delay lines, including general application in U/S testing.

ADDITION B -~ PULSE AMPLITUDE INHIBITOR

Arenberg U/S Lab. 1964
Jamaica Flain, Mass.
Bulletin TE T6(64)

e B

large capacity delay-lines., The circuit has been adapted to the

U/S DELAY-LINE TERMINATING CIRCUITS & PASSBAND MEASUREMENTS
M. Axelbank ‘ | '

IRE National Convention Record Part 2 1958
pp 147-152

Description of & single-tuned terminating circuit, that is not
disturbed by series lead inductance, for use with high frequency,

problems of measuring the band-pass curve of a delay line.
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APPARATUS FOR THE MICROSCOPIC INVESTIGATION OF FATIGUE STRENOTH

Balakhontsev

S

Zavodskaya Laboratoriya ' ) 1964
pp 752-53 Vol 30 No. 6 . _ |

Description of a reliable and convenient micropulser enabdling
microexamination of metal specimens under tensile-compressive
fatigue loads. Kinetics of apparatus (Fig. 1). Propagation
of a fatigue crack in Cr-Mn-Si steel, observed after various
nunbers of load cycles (Fig. 2J.

— e

e e —— .

TIME INTERVAL MEASUREMENTS AND HOW TO MAKE THEM

Beckman Instruments, Inc. no.date ‘
Richmond, California o %

Data File 112

Description of equipment and techniques for performing time in-
terval measurements,

FREQUENCY MEASUREMENTS AND HOW TO MAKE THEM

Beckman Instruments, Inc. _ ‘ no date
Richmond, Calif. , :

Discussion of methods and equipment for perfohning frequency mea=
surements, . .

PRECISION U/S VELOCITY MEASUREMENTS
R.L. Forgacs

Electronics Magazine | November 18, 1960
pp 98-100 Vol. 33 No. 47 '

Article describes animproved sing-around system capable of detecte
ing U/S velocity changes two orders of magnitude smaller than
possible with previous sing-around systems,

65
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Branson Instruments, Ince.
Stamford, Conn.

Advertisement ' - 1960

i
L
|

TIME DOMAIN REFLECTOMETRY

Application Note 62 ‘
Hewlett-Packard Co. , 1964

Palo Alto, California

N

MEASUREMENT OF PHASE SEIFT AT AUDIO FREQUENCIES USING A MAGSLIP
AS A CALIBRATED REFERENCE STANDARD

A.G.J. Holt

Journal Brite IReEe October 1963
pp 305-308 o

A circuit is described which permitted a direct quantitative
read-out of phase shift using a calibrated dial in conjunction
with a magslip. The operator would not be required to make any
complicated adjustments or CRT readings using this method since
all data could be taken from the calibrated dial. Preliminary
tests with the appartus yield an accuracy of plus or minus 2
degrees over a range of 300cps to 18 ke/s.

PRECISION PHASEMETER

Je Kritz

Electronics Magazine October 1950
PP 102-106

Description of a precision phasemeter capable of phase difference
measurements accurate to 0.1 degree. Method of display, circutry,
developmental problems and test methods are discussed in detail. |
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A. Macmllen

Instruments & Control Systems V January 1965
Pp 91-93

Discussion of theory and practices relating to obtaining mximm
___accuracy in the performance of pla se measurements

SPURIOUS mDICATIONS IN U/ S CATHODE RAY OSCILLOGRAMS
E. Marianeschi, T, Tili

Metallugia Ttaliana 51 S . o 1569
pp 319-323 | : '

—

CHARGE AMPLIFIER APPLICATIONS

D, Pennington

Instruments & Control Systems Jamary 1965
pp 81-87

Detailed description of charge a.mpliﬁer theory and applica.tion.

) cations.

NOTES ON MICROWAVE MEASUREMENTS

Bulletin May 1958
Polarad Electronics Corp. v

Long Island, N.Y.

Detailed description of Polarad test equipment and related appli-

A STUDY OF WAVEFORMS IN THE GENERATION AND DETECTION OF SHORT U/ )
PULSES

PR ey I

M. Redwood

Applied Matls. Research April 1963
pp 76-84 Vol. 2 No. 2 '
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SOUNDS GREAT FOR TESTING WITH THE SONIC COMPARATOR

Saturn Electronics Co.
Grand Islend N.Y. .

Bulletin o no date

FACTORS TO CONSIDER IN SELECTING ULTRASONIC TESTING EQUIFMENT
R.A. Seidel ‘ ’

Metal Progress . August 1961
pp 8:-87 Vvol. 80 :

/S INSPECTION EQUIPMENT FROGRAM

Sperry Prodncts, Inc.

Progress Report No. 6 1955
Contract No. AF 33(600)-29879

Series of reports covering investigation and review of equipment
available for U/S inspection applications.

ULTRASONIC TESTING INSTRUMENT Mk.3C

Ultrasonoscope Co. |
no date

Specification Sheet 435:0:04
ADDITIONAL TABLES FOR DESIGN OF OPTIMUM LADDER NETWORKS
" L. Weinberg
J. Franklin Inst. ' August 1957

pp 127-138 No. 264
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AD-YU ELECTRONICS BULLETINS

Ad-Yu Electronics Ince 1964-1965
Passaic, N.d, ‘

Digital Phase Meter

Video and RF Phase Meter

Microwave Phase and Time Detector

Extra Low Noise Pre-Amplifier \
Dual:Channel Synchronous Filter . :
Wide Band Phase Standard '

Series of bulletins containing description and specificationu of
above listed egpte .

Cat: 25

L




3. ACOUSTIC THEORY | | o

~ 31. WAVE MECHANICS o 7
WAVE MECEANICS OF U/S TESTING S . o
G, Beckman . S L o P

" Neue B | ) R TR
PP 251.“2“? ' _ " October 1961 O \ . ,:
16, Jg Heft 10 : » A , o 4
(German) o |

A TWO PARAMSTER FAMILY OF LINK SOURCES
R.W.Bickmore & R.J.Spellmire

Techs Memo, “Oo 59’
 Hughes Aircraft Co. Oct 1956

A class of aperture distributions is examined which

is well suited to the realization of an array having

very low first sidelobes and & prescribed taper to _
the higher order sidelobes. .

STRESS WAVE PROPAGATION AS APPLIED T0 THE DETECTION OF FLAWS BY
ULTRASONIC INSFECTION : 3

D.G, Christie

Progress in NDT

pp 35-56 Vol. 1 - _ ,
Gordon & Breach, Science Pub. Inc. N.Y. - 1964

SOUND RADIATION FROM A FINITE CYLINDER
P.G. Bordoni, W, Gross

Journal of Math/Phys ' no date
op 241-252 No. 27

| Method of calculating sound pressure at every point of the field
. originated by & vibrating body, as applied to a cylipdrical shape.

o~
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STRESS WAVE PROPOGATION AS APPLIED TO THE DETECTION OF FLAWS BY U/S
INSPECTION :

D.G. Christie

Progress in Nondestructive Testing ‘ ‘ 1959
PP 35-56 VOJ.Q' l

| The MacMillian Company, N.Y.

SURFACE WAVES AT ULTRASONIC FREQUENCIES
E.G. Cook, H.E. Valkenburg

ASTM Bulletin | , May 1954
Sperry reprint 50-897 v

A review of theoretical and experimental aspects of ultrasonic
surface wave propagetion was presented. Particle displacement,
velocity ratios, and energy relations were derived. Measurement
of energy and veloci y was descrived and methods of generation were
discussed, Applications were persented.

INTERPRETING WAVE MECEANICS
L. deBroglie

Industrial Research : October 1962
PP 17-21

DANYNING OF RA&IEIGB WAVES IN AN ELASTIC ILAYER ABOVE A HALF S?ACE

N.N. Egorov :
: 1962
Acoustics
pp 300-302
2 v 378-?80

(Translation from Soviet Physica, Voi. 7, No. 3, PP
July-September 1961.)

ol
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LUTUAL COUPLING QONSIDLRATIONS IN LINGAR SLOT ARRAY DESIGN
M.J. Ehrlich & J. Short ’

Tech Memo. No. - '
Hughes Aircr:i‘tggg. Apr 1953

The mutual coupling between two .re
: sonant wave-guide
;2 a: mi“:;li.;ol: ground glane were studied. A null E:idgef:zgt;igtzf
was used to determine the relative fi |
::}:cited in the seoond wave-guide by mutual ;:p{;e‘;db:::::sﬂx
e slots when the generator was applied to the first wave guide,

s

PROPOGATION OF TRAVELING WAVES IN CIRCULAR CYLINDER HAVING HEXA-
GONAL ELASTIC SYMMETRY : '

N.G. Einspruch, R. Ti'uell |

J. Acoustical Soc. Amer. June 1959
pp 691-693 Vol. 31 No. 6 :

Discussion of the problem of traveling waves in & right circular.
cylinder having hexagonal elastic symmetry. ‘Exact expressions for
the displacement produced by the compressional and torsional modes
ere obtained. A condition relating the frequency and wave number
of the torsional wave is derived.

MEASUREMENTS OF MODE CONVERSION OF ULTRASONIC WAVES | A -
SOLID BOUNDARY ‘ o & BoLID

L. Filipezynski

Proceedings of Vibration Problems 1963
Warsaw, pp 255=263 Vol. 4 No. 3 ' ' ‘

Discussion of measurement system and results for measurement of
U/S waves on a solid-solid boundary.
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AN OPTICAL SCHLIEREN SYSTEM FOR ULTRASOUND IMAGING
C.E. Fitch

Materials Evaluation : : March 196k
pp 124-127

Experimentation is described in which an optical schlieren system }
,  was set up to qualitatively view light diffraction by lamb waves,.
The results indicated that the schlieren sjystem was capable of
quantitative measurement of sound amplitude and direction if careful
experimental control is exercised., (This may be a method of opti-

cally imaging flaws since impedance changes would change propagation

characteristics.) ’
L__ ] N

MECEANICAL RESONANCE DISPERSION IN METALS AT AUDIO-FREQUENCIES

E.R. Fitzgerald‘

Physical Review November 1, 1957.

- PP 690-796 Vol. 108 No. 3

- DIRECTIONAL CHARACTERISTICS AND ACOUSTIC IMPEDANCE OF AN ARTIFI-
OIALLY-COMPENSATED VIBRATING CYLINDRICAL SOURCE

M. Frederici .

Ricera Seci. - ‘ - 1957
pp 1826-1838 . .

|

ULTRASONICS

7.F. Hueter

‘ -June 1
Ultrasonic News May-June 1958

pp 11-13

Analytical review of éonic vs. ultrasonic applicationg in the vari-
ous fields.

13



NA-65-813

o

EFFECT OF AN IMPURITY LAYER ON SURFACE WAVES
H. Kaplan

Physics Rev. . February 1962
PP 1271-1276 Vol. 125 No. L

The effects of a homogenous impurity mass layer on the sgice waves
of a semi-infinite monatomic square lattice with nearest and next
nearest neighbor central springs is studied. The relationship of
the model to the analogous one- and three- dimensional problems is
discuseed.

*

- REFLECTION AND TRANSMISSION AT THE SURFACE OF A METAL-PLATE MEDIA

B.A. Lengyel .

Journal ef Applied Beience March 1951
pp 265-276 Vol. 22 No. 3

'’ An expression is found for the reflection‘coefficient.applicdble in

the presence of a diffracted beam, by an extension of the Carlson-:
Heins theory. Tables and graphs are included for the coefficients
associated with electromagnetic phenomena at the surface of a metal-
plate media. :

EXPERIMENTS ON cm WAVES IN ANALOGY WITH ACOUSTIC TECHNIQUES MADE IN
GOTTINGEN :

J. Acous. Soc. America ' July 198
pp 624-631 Vol. 30 No. 7

Measuring techniques are compared regafding the success of analogles
between acoustical systems and electromagnetic wave systems in the
microwave frequency region, with emphasis on the use of reverbera-
tion chambers. The design and performance of absorbing structures
of resonant and nonresonant directive microphones and electro-
magnetic devices constructed for the experiments 1s discussed.

Th
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| i GRAYPHICAL SOLUTION OF WAVE EQUATIONS
- I. Osida

J' Phys- SOC. Ja-po
L.PP 219-222 Vol, 3 = _ . o

. INTERPRETATION OF U/S ECHO AMPLITUDE

! J.C.V. Rumsey

British J. Applied Physics January 1961

Presenting an equation for the determination of the size of defects
idealized in the form of flat-bottomed holes, using an U/S reflection
technique. Applicability of the equation vs. the method proposed

by Krautkramer, is shown, as is confirmation_of results,

BACK REFLECTION OF ULTRASONIC WAVE OBLIQUELY INCIDENT TO SOLID SUR-
® FACE IN WATER -

S. Sasaki

' Jepan J. Appl. Phys, 2 ‘ . 1963
. p 198

| DIFFRACTION EFFECTS IN THE ULTRASONIC FIELD OF A PISTON SOURCE AND
THEIR IMPORTANCE IN THE ACCURATE MEASUREMENT OF ATTENUATION

 H. Seki, A. Granato, R. Truell

Journal of tﬁe Acoustical Soc. of America March 1958
pp 230-238 Vol. 28 No. 7

A study is made of the U/S field produced by a circular crystal .
]
i transducer and the integrated response of a quartz crystal receiver
of equal dimensions. The transducer and receiver are taken to be
coaxial and it is assumed that the transducer behaves &8 & piston
source while the integrated response is proportional to the average
pressure over the receiver area.

75 o
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WELLENAUSBREITUNY IN UI\KEGRENSTEU SKECKEN AND IN SCHIEHENSFREIFERS
V.K. Tamm, O. Weis

Acustica . ' 1961
pp 8-17 Vol. 11

It 18 shown that there is an anology between wave propagation in
infinitely extended discs or disc strips and wave propagation in in-
finite space or in plates respectively. In the case of disks the

dilatational wave is replaces by an extensional plate wave; the shear
wave type remi_nq_un_gha.nged.. o A

. E.G. Thurston, W.E. Peake

ACOUSTICAL MEASUREMENTS

Handbook of Applied Instrumentation ‘ 1964
McGraw-Hill Book Co. N.Y. '

by Considine & Ross
pp 3-83 - k-1

. REVERBERATION

ACOUSTIC-WAVE-THEORY INTERPRETATION OF OCEAN SURFACE AND BOTTOM.:

W.J. Toulis

J. Acoust. Soc. Amer, '
pp 656-661 Vol. 35 ' 1963

HIGH ELQUL.I-ICY ULTRASQOUIC STRUSS LAVLS IN SOLIDS
B.Truell & C, Blbaum

Acoustics II

Handbuch Der Physic 1962
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ATTENUATION OF RALYLEIGH WAVES ON CYLINDRICAL SURFACES
I.A. Viktorov '

Soviet Physics - Acoustics A ' . -
P 13 Vol. T ) e

The author makes an experimental investigation of the attenuation
of Rayleigh waves on cylindrical surfaces. It is estatablished that
on a concave cylindrical surface, Reyleigh waves suffer an additional

ettenuation, the magnitude of which is determined by th
of the surface. y e curvature

TRANSIISSION AND RuFLLCTION OF RAYLSIGH wAVeS BY
ROUNDuD wDGuS OF VARIOUS RADII '

I.A.Viktorov | S

Soviet Physics-Acoustics

THe bFiuClS OF SURFACE DuFuCTS UN PiOPAGATION OF
RAYLuIGH WAVES.

I.A.Viktorov

Soviet Physics, Vol 3 p 304 s 1958
(Doklady Akad. Nauk. USSR 119, 3) .

e e ———— Y S—————

ATTENUATION & DISPERSION OF ELASTIC WAVES IN A CYLINDRICAL'BAR

J. Zemanek Jr., I. Rudnick

: 1961
J. Acoustical,Soc. America Octobe? 96
pp 1283-88 Vol. 33 To. 10

» tion and
d has been used to study the attenua
{tudinal made of propagation‘and the
1ral mode of propagation of elastic
Q was found to decrease

The resonance metho
dispersion of the first long
dispersion of the first flext R
waves in a cylindrical aluminum alloy rod.
monotonically es the frequency increased.

e e

7



NA-65-813

' 32. WAVE INTERACTIONS IN SOLIDS

' DIFFRACTION EFFECTS IN THE ULTRASONIC FIELD OF A PISTON SOURCE

1
{

" R. Bass

J. Acoustical Soc. of America : July 1958
pp 602-605 Vol. 30 No. 7 .

Diffraction effects in the U/S field of a circular piston source are
discussed with particular reference to the measurement of U/S
absorption in ligquids by the pulse technique at frequencies of 1 Mc/
sec and above. A relationship given by Williams for the acoustic
pressure is used to develop a new formula representing the apparent
attenuation due to diffraction. .

!

i

INFLUENCE OF SONIC FIELD INTERFERENCES. ON FLAW DETECTION IN SOLID

- BODIES o

!
§

I.F. Linhardt |
Metall Decenber 1958
(German) :

| pp 1085-1092° Vol. 12 No. 12

i
i
|

|

GENERATION OF SECONDARY SIGNALS IN PROPAGATION OF U/S WAVES IN
BOUNDED SOLIDS

; M. Redwood

Phys. Soc. Proc. November 1958
pp 841-853 Vol. T2 No. 467 *

The phase relation between secondary signals (secondary wave trains
are generated as the result of partial conversion of compressional
waves as the boundaries of the media, in solid bounded media) and
the main compressional wave is analyzed, reference to the propa-

| gatlon of waves of frequencies of the order of 10 N
lcxlindzical_snani-‘*‘b~" T :

INTERACTION OF U/S WAVES IN SOLID MEDIA

F.R. Rollins

i April 15, 1963
J. Applied Physics Letters
pp 147-148 Vol. 2 No. 8

1

C e em L.

—
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® "UJS WAVE PROPAGATION ATD TNFPAST=OF T SOLID MATERTALS .

Lt b
!

' F.R, Rollins, L. Taylor ' . !

“Air Force Materials Lab. Tech, Report ' March 196k
Part I No, ML-TDR~GLe2]

"' The interaction of ultrasonic beams in s0lid media has been investie (
f gated from both the theoretical and experimental viewpoint., An errar
in the previously reported classical calcwlation has been corrected
‘and relatively good qualitative agreement now exists between the i
‘classical and quentum mechanical caleulations. Experiments are
- .deseribed vhich verify certain theoreticel Predictions concerning
.the magnitude of ireraction and the conditions of resonance, Teche
‘niques have been devised for Producing interaction in specimens of

unusual shape. Furthermore, the feasibility of using interaction

lques in making a three-dimensional analysi 34 -
5%?8%?[ ﬁgs been demgrgzstrated. o v61s of elastic aniso

!

-
!

ULTRASONIC WAVE PROPAGATION AND INTERACTION IN SOLID MA'IERIALS R
PART II —

F.R. Rollins, Jr.

® - \LTOR-Gh-21 ' © April 1965
Air Force Materials Laborato . .
W-P AFB |

3 4 ons has been cone

exploration of ultrasonic beam interac

! gﬁzzzgrangpa review of the state-of-the-art is giv?n. Improvemen;;-

’ ! in the measurement of absolute intensities and an mdependengim -’

' ' uation of. the third-order elastic cons;antsd};a:ipemgztig t:ns:ty gf.
theoretical predictions

| accurate comparison between tions of intensity

‘ ion and experimental results. A four=be

:.izgr;igwgnto be weaker than the previously observed three-beam

interaction. A discussion is also directed toward the energy par-

i d=-solid .
s when wWltrasonic beams impinge on a liqul
%ﬂtuj;?d?ar.grhat A?rf ?lrti'a?rsoe;lic goniometer is described for partial investls
£ this 1_results, Uantrasend |

gation of this energy partition. Sxperirents
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' U/S METHODS & RADIATION EFFECTS IN SOLIDS

" R. Truell

J. Appl. Physics August 1959
pp 1275-1278 Vol. 30 No. 8

The various mechanisms producing damping of U/S elastic waves in’

solids are reviewed. Attention is given to the changes in attenuatin

produced by pinning of dislocation lines. Neasurements of U/S
attenuation in irradicated single crystals of NaCl are presented
and discussed.
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33, EFFECT OF MATERIAL PROPERTIES ON WAVES

U/S ATTENUATION IN NORMAL METALS AT LOW TEMPERATURES

A.B. Bhatia, R.A. Moore '

Phys. Review February 15, 1961
pp 1075-1086 Vol.. 121 No. b )

Expressions for the attenuation Ag and Ay of plane dilatational and

shear sound waves are obtained by solving the Boltzman transport

equation for the electron function f without assuming the existence
- of a relaxation time and for the collision term in this equation.

' MICROWAVE ABSORPTION AND RELAXATION IN GASES

' G. Birnbaum N

| Technical Memorandum SCPP-65-39 June 1965
1 NAA-SC (MAA Libra.ry) ,

!

' AMPLITUDE DEPENDENT ULTRASONIC ATTENUTATION IN SUPERCONDUCTING LEAD

H"Eo Bomel, BORO Tittmn

' Physics Review Letter .Ma.rch 1965

ULTRASOUND TECHNIQUES IN SOLID STATE PHYSICS
P.G. Bordoni et. al. .
Metallurgis Ttaliana 51 o | 1959

(Italian
jo)o) 521-52’4

-

EFFECT OF MICROSEPARATIONS IN STEEL ON THE ULTRASONIC DETECTION OF r
~ INCLUSIONS & ON THE DENSITY AFTER COLD WORIC[NG 1

. G.H. Boss

NDT | , | July-August 1960
pp 237-211 o o L | |

TN e
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© U/S ATTENUATION CHARACTERISTICS OF VARIOUS STEEL ALLOYS -
C.J. Adams

NOT November-Decenber 1961
PP 393-400 - ' ] _ .

T

DISLOCATION CONTRIBUTIONS TO THE MODULUS AND DAMPING IN COFPER AT : o
MEGACYCLE FREQUEMIIES - - '

G.A, Alers' D.0. %mson

J. of Applied Physics ‘ February 1961
pp 283-293 Vol, 32 No. 2 :

The three clastic moduli of 99.999+% pure copper and their associated
internal frictions have been measured at Mc frequencies between 4.2 |
and 250°K both before and after fast neutron bombardment. The
changes produced by the irradiation were used to determine-the dise
location contributions to the damping and moduli as a function of .
frequency and temperature. The dislocation darping showed the maxie-
* mum predicted by Granato and Lucke to arise from the heavily damped
bowing of dislocation loops. By calculating the resolved shear stress
" factors mea ring the dislocation density by etch pit counts, it
was possible €o rmine the coefficient B which describes the vis-
_ ‘cous drag on a moving dislocation,
L - A

O e e e et - — e

3

SOUND PROPAGATION IN NEAR-S’IUICHIOMETRIC Ti<Ni ALLOYS

i - D. Bradley

‘ Journal of the Acoustic Society - April 1965 ‘
- pp 700-702 Vol. 37 No. b | I

Experimental date on sound velocity illustrates the unusual velocity-~
temperature realtionship of near stoichiometric nickel-titanium
alloys. The effect of temperature cycling, annealing, pressure, ex=:
posure temperature and time is also shown.
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" VAGNETIC CONTRIBUTION TO THE ULTRASONIC ATTENUATION IN ANNEALED AND
DEFORMED STEEL (SAE 1020)

W.J. Bratina, U.M. Martius, D. Mills

" J.-App. Physics » May 1960
' pp 2415-2k25 Vol. 31 No. 5

The absorption of ultrasound of 3 Mc/s frequency was investigated
in low carbon steel as a function of elastic strain applied in the
presence of constant magnetic fields.

L,_ —— e e

'I

. EFFECT OF DISLOCATIONS ON THE U/S WAVE ATTENUATION IN DEFORMED CAR=
! BON STEELS ' ' :

W.J. Bratina, D, t-ﬂ.llav'

Acta Metallurgica . N - April 1962
pp 419-k22 Vol, 10 ’ :

! A study of the ultrasonic attenuation component attributed to dis=-
locations was made in Armco iron and carbon steels before and after
they hed been subjected to plastic deformation. An increase in
damping associated apparently with the dislocation loop-solute atom
sinterstitia. ; interaction was observed at low strain amplitudes

dovn to 107°) at room temperature, however only in previously cold
worked material,

A N R e

J
. FINITE AMPLITUDE U/S WAVES IN ALUMINUM

' M.A. Breazeale, D.O. Thompson

Applied Physics letters September 1963
, PP 77-78 VOl 3 NO 5

b - - NN ——— e

i
METHOD FOR MEASURING SONIC DISLOCATION VELOCITIES

J.A. Carlson, J.J. Gilman

Tachnical Report No. b | December 1962 -
Brown University, Providence, R.I.

Presentation of a new technique for applying dynamic stresses- to
elastic-plastic speciments. Intensity of the stress and the stress
rate can be varied over a larger rnage than most other methods
allow., The method can be adapted to studies of macroscopic plastic
flow.
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EXPERI}MENTAL STUDY OF DIFFRACTION & WAVEGUIDE EFFECTS IN U/S
ATTENUATION MEASUREMENTS

E.F, Carome et. al. 3

" J« Acous., Soc, America A ' " October 1961
pp 1417-1425 Vol. 33 No. 10 »

An experimental study has been made of the propagation of ultrasound
in liquids under both free-field and guided-wave conditions., Free
field measurements have been made from 1 to 20 Mc in low absorbdbing
liquids, employing both circular and square sound sources., These
measurements indicate that the correction for diffraction loss pre- -
dicted by existing theoriles is applicable only so long as this loss .
is smaller than the true absorption. Attenuation measurements also

have been made in liquids confined in various cylindrical end rec-
. tangular metallic waveguides, .

~ BIBLIOGRAPHY AND TABULATION OF DAMPING PROPERTIES OF NON-METALLIC

S.H. Cht

Tech. Report No. WADD-TR-60-540 September 1962
University of Minnesota : o

This bibliography was compiled as an aid for those people interested
in damping research and related fields. It contains a nearly compgete].
1ist of references on the damping properties of non-metallic mater ik
for the period from 1929 to 1959, together with an index on non- -
menclature, units, and test methods. Tabulations of the in-~phase
and out-of-phase components of Young's modulus and the shear modulus
for. the various materials are also shown, and graphical representa-
tions of experimental data indicate the loss factor values for
different materials. Those values of the loss factor are compared
to those of the representative structural metals.

" Cat: 33

po—c [ EE— P o ———
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ULTRASONIC ATTENUATION UNLIT AND ITS USE IN MEASURING ATTENUATION IN
. ALKALI HALIDES | :

B. Chick, G. Anderson, Truell :

J- 'Acoust' SOC. Anero . . 1960
p 186 Vol. 32 -

An instrument for measurement of ultrasonic attenuation and velocity
in the frequency range from 5-200 mc/sec is described. The wnit
incorporates a pulsed rf oscillator, superheterodyne receiver, ex-
ponential wave-form generator, precision time delay generator (use-
ful in veloclty measurements) , CRT display circuits, and appropriate
synchronization circuits. Ultrasonic attenuation measurements made
in single crystals of NaCl and KCl during deformaetion and recovery
_.at several temperatures are reported here. B

| THEORY OF THE ABSORPTION OF SOUND IN SEMICONDUCTORS !

Ya. M. Chikvashvili L

Soviet Physics, Solid-State _ ‘ ‘ " 1963
. Pp_26U4-265

VEASURING PREFERRED ORIENTATION IN BALL BEARINGS

H.L. Dunegan .
' Research/Development . no date
. p4

10W TEMPERATURE U/S ATTENUATION IN .TIN AND ALUMINUM

_P,H. Filson

' Phys. Rev, ‘ September 15, 999
pp 1516-1519 Vol. 115 No. 6

According to theory based on an ideal metal, the ultrasonic attenua=-
tion should be proportional to the square of the frequency and to the
electrical conductivity of the metal. Experiments were performed to
compare theoretical experimental values of attenuation in a frequency
range from 100 kc/sec to 1 Me/sec. A long wire sample coupled to a
varium titanate transducer vas suspended in a chamber, whith in turn
was placed in a liquid helium bath. A short train of sine waves

was gent through the wire and the amplitude of successive reflectims

was measured as a function of temperature and frequency. The
"electrical conductivity of the sample was also measured.
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. I. Gabrielli, G. Iernetti

. Acustica 1963
pp 165-1T4 Vol. 13
DAMPING OF ULTRASOUND IN METALS, CARBON STEELS AND NICKEL
P.J. Gellings

. of ultrasound in metals with a resonant reverberation method is

~ steels and nickel are given.

ULTRASONIC TESTING AS A METHOD OF DETERMINING VARIABLES IN PROCESS- ;
ING ZIRCALOY AND HAFNIUM :

E.W. Fink

Symposium on NDT in the field of Nuclear Energy

4/16-18/57

ASTM Spec. Publ. A 1958
PP 175-180 No. 223

ULTRASONIC ATTENUATION IN AL203 AT ULTRAHIGH FREQUENCIES AND LOW
TEMPERATURES : .

T.M. Fitzgerald, B. Chick, R. Truell _
September 196l

J. Appl. Physics
pp 264T-2648 Vol. 35 No. 9

U/S propagation at low temperatures and high frequencies 1s discusssd
in terms of the relations given by Woodruff and Ehrenreich.

Phonon relaxation times calculated from thermal conductivity mea-
surements are used.

NA-65-813

i
'

CAVITATION AND CHEMICAL EFFECTS IN U/ S STATIONARY FIELDS

Acustica _ 1962
PP 29-32 Vol. 12 -

An experimental appartus and technique for measuring the damping

described. Experimental results obtained on a number of carbon

86
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STRATN MEASUREMENT WITH U/S WAVES .
R. Gerstner - | , 3

. Materialpruf February 1964 |
" pp 43-46 Vol. 6 No. 2

S

U/S ATTENUATION & VELOCITY DATA ON ALUMINUM SINGLE CRYSTALS AS A.
FUNCTION OF DEFROMATION AND ORIENTATION

A. Hikata et. al.

Acta Metallurgica April 1962
op b23-429 Vol. 10 |

|

" ULTRASONIC INSPLCTION & VALUAL Gl OF PLASTIC MATKRIALS
. W.C.Hitt & J.B.Ramsey
! Ultrasonics, Vol 1, p» 9-13 kar 1963

A review of testing mcthods is jiven. Pulse-echo,
attenuation studies and reilector teciniques are
discussed; the effects of acoustic impedance and

. abtenuation are consicdered.
L. — —

5

THEORY OF U/S ABSORPTION IN METALS: COLLISION-DRAG EFFECT
T, Holstein

_ Phys. Rev. January 15, 1959
' pp W79-496 Vol. 113 No. 2 S

A basic assumption of the semiclassical treatments of ultrasonic ab-
sorption in metals is that of "collision drag." This assumption
states that, in the presence of an impressed ultrasonic wave, the
" velocity distribution toward which the conduction electrons relax is
a Fermi distribution centered, not at the origin of velocity space,
but at a point, vi{, equal to the local; irpressed lattice-displace=-
rent velocity. In the present paper, the explanation of this collis-
ion-drag effect in terms of basic electron-lattice theory is investi-

vat;d for.the case of collisions with thermal viwations. The effect
Is found to originate from those hisher-order terms in the electron- h

lattice interaction whose matrix elements are bilinear in the ampli-
tudes of impressed and thermal lattice displacements.
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U/S ABSORPTION IN LIQUID SODIUM-POTASSIUM ALLOYS
J. Jarzynski, T.A. Litovitz .

J. Chemical Phys. September- 1964
pp 1290-1296 Vol. 41 No. 5

Ultrasonic absorption measurements were made in sodium-potassium

alloys at temperatures from 20° (or mp) to 150°C. The measured ab-

sorption was found to be higher than the classical absorption. In
liquid sodium the bulk viscosity is attributed to structural re-

laxation and the ratio of bulk/shear viscosity is 3. In the alloys{

in eddition to structural relaxation, a second relaxation loss was

observed at temperatures below 80°C. This loss was greatest for an ?

alloy of composition near 33 at.% of K.

.

'B.K. Jones

Philosophical Msgazine ' 1964
pp 218-230 Vol. 9

The attenuation of transverse snd longitudinal waves as a function of:
megnetic field strength in aluminum single crystals at liquid helium
temperatures 1s discussed most emphasis is given to the resonant in-
teraction between the electrons and the sound wave observed for H//h
when lerge peaks are observed in the attenuation.

INSTRUMENTATION FOR ULTRASONIC ATTENUATION STUDIES
G.N. Kamm, H.V. Bohm

The Review of Scientific Instruments September 1962
pp-957=960 Vol. 33 No. 9

A 10-350 mc pulse echo instrumentation (capable of perhaps even
higher frequencies) with circuit details for 350 me use at liquid

W

. , ' |
ATTENUATION OF ULTRASOUND BY ELECTRONS IN ALUMINUM " i
: : i
1

helium temperatures is described.
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MAGNETOSTRICTIVE U/S MATERIAL TESTING METHOD
W. Kaule .
Technik 16 S : ' May 1961

(German)
PP 385-359 ’ ’

. medium is determined on the basis of the size, shape and time of
" passing of the direct or reflected pulse. The experimental material,

|
4

e e

€

'B. Labory, and G. Laville’

}

|
|

i
;

i accuracy of discernmen

U/S METHOD FOR EXPLORATION OF PROPERTIES AND STRUCTURE OF MINERAL
LAYERS '

W. Koltonski, T. Malecki

Acoustica : . 1958 |
pp 307-314 Vol. 8 i

The method developed by the authors is based on the same principle
as hydrolocation and ultrasonic flaw detection of metals using
frequencies from 50 to 300 kc¢/s. The attenvation and velocity of
wave as well as the location of the eventual inhomogeneities of the

collected in the salt mines and quarries proves that the conditions
of ultrasonic propagation in rocks are exceedingly more complicated

and subject to changes, than in metals or water, but the range and
t is quite sufficient for practical aims.

A STUDY OF THE ULTRASONIC FIELD IN LIQUID

C.R. Acad. Sci. Paris | 1957
(French) ~
pp 1401-1403 Vol. 245
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z'of graphite in iron castings, the prediction of the tensile strength
. of iron castings and the assesment of the chill depth or quality of

ULTRASONIC VELOCITY AND ATTENUATION MEASUREMENTS FOR DETERMINING
THE PROPERTIES AND STRUCTURES OF CAST TRONS AND CAST STEELS

J.D. Laventer, A.G. Fuller

The British Fbundaryman - February 1965
pp 34-65 ' .

The reasons for the application of non-destructive testing techniquesg
for the determination of the properties of iron and steel castings
are discussed. The methods by whith these properties may be mea-
sured are described with particular reference to the assessment of
the structure of heat-treated steel castings, the form and amount

chilled iron rolls.

A e - et el et . . e e

» Cat- 33

with the Fermi surface of lead suggested by Gold. In particular a

U/S ATTENUATION IN LEAD
A.R. Mackintosh

Proc. Royal Soc. January 1, 1963
pp 88-104 Vol. 271

The absorption of longitudinal ultrasonic waves has been studied as
a function of transverse magnetic field in pure simgle crystals of
leaed at 1-2 °K. The results were found to be generally consistent

detailed study of the magneto-acoustic oscillations, as a function

of sample orientation and field direction, allowed the determination
of some of the dimensions of the hole surface in the second Brillouin]
zone and revealed a number of new electronic orbits on the multiply-

Qngﬁteg surf cgtén thenghird zone, Thetabsoéute magnituge of the
n 24

tic %Eeig was studgege 8 %ﬁeoge ﬁ Da in%ggp igg&tiom ggmsogfm% e

the general theory of ultrasonic absorption.

- ———— i e e ot % - - . . S e e
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! U/S ATTENUATION
. L. Mackinnon - _ «

Contemporary Physics December 1962
pp 124138 Vol. 4 Wo. 2 :

Ultrasonic waves have been produced in the laboratory at frequencies
up to 24 ko/s. The mechanism of the absorption process is exsmined
and the experimental measurement of attenuation coefficient is dis-
cussed. The types of research problem for which a study of ultra-

i sonic attenuation may be useful are summarised. Particular attention
. 1s given to the low temperature absorption of megacycle ultrasound
- by electrons in metals; the magnetoacoustic effect and its usefulnessg’
in evaluating the Fermi surface are briefly described.

i

e

SCATTERING OF U/S STRESS PULSES IN POLYCRYSTALLINE SOLID
;"M.F. Markham

f Appl. Matls. Res. April 1963
 pp 109-114 Vol.2 No. 2 .

~ Discussion of propagﬁtion of waves in silver alloy and effect of
scattering in polycrystals of silver.

SRR
!
t
!
[
i

!
i

FREQUENCY DEPENDENCE OF U/S WAVE ATTENUATION IN ARMCO IRON & LOW
' CARBON STEEL

U.M. Martius, W.J. Bratina

[}
i
!

L. Appl. Phys. ' , March 1961
pPp 250-251 Vol. 32 Suppl. 3

'

. The ultrasonic wave attenuation in Armco iron and low-carbon steel

. was measured vs increasing and decreasing external magnetic field

. strength {0-400C oe) at frequencies between 1 and 7 Mec. The magnetic

. component of attenuation was found to increase with frequency. The
! structure sensitivity of the magnetic loss mechanism was studied '

- by changing the dislocation demsity. ,
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ATTENUATION AND SCATTERIIG OF HIGH FREQUENCY SOUND WAVES IN METALS
AND GLASSES

W.P, Mason, K.J, McSkimin

' J. Acoust, Soc. Amer, : May 19U47T
* pp L6L=4T3 Vol. 19 No. 3 :

" 2 to 15 megacycles., The sound pulses are generated by crystals
waxed to the surface of the rod, This wax joint limits the band
" width of the transmitted pulse and measurements are made using long

3 pulses whith approach steady state conditions, The reflected pulses }
show evidence of several normal modes which can be minimized by using;

specially shaped electrodes.

By using & pulse method, attsruetion and velocity measurements have
. been made for aluminum and glass rods in the frequency range from

ENERGY LOSSES OF SOUND WAVES IN METALS DUE TO SCATTERING AND DIFFUS-
ION ‘

W.P. Mason, H.J. MoSkimin

'J. Appl. Physics October 1948
pp 940-9L46 Vol. 19

When high frequency longitudinal and transverse sound waves are sent
through a multicrystalline rod of metal, attenuation losses result
because of scattering and diffusion of sound waves by the grains.

" When the grain size is less than one-third of the wave-length, these
losses are due to Rayleigh fourth power law scattering and are pro-
portional to the grain volume. The scattering factor depends on the
anisotropy of the elastic constants. Two different.factors are ob-
%ained, one for shear waves and one for longitudinal waves. These

actors have been evaluated for cubic and hexagonal metals. From t

- measured elastic constants the only metals with a low loss are al-

uminum, magnesium, and tungsten. /2Hé/ :

EFFECT OF DISLOCATIONS ON U/S WAVE ATTENUATION IN METALS
f W.P. Mason

' Bell System Tech. Journal September 1955
| pp 903-9k2 A
l
f
!

|
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MEASUREMENT OF ULTRASONIC WAVE VELOCITIES FOR SOLIDS IN THE FREQUEW
RANGE 100 to 500 Mec. o ' ’

H.J. McSkimin

J. Acous. Soc. Amer, | April 1962
pp koL-hO9 Vol. 3% Wo. b

Apparatus for measuring ultrasonic wave velocities and hence elastic|
moduli by means of phase-comparison methods at frequencies as high
as 500 Mc 1s describved, Gated harmonic generators for providing
pulse~-modulated rf of accurately known carrier frequency and circults
i for electrical coupling to resonant quartz-crystal transducers are

- discussed. Application to measurements on small specimens, with

" 1llustrative data for cadmium telluride, is made,

PR - i

| ANALYSIS OF THE PULSE SUPERPOSITION METHOD FOR MEASURING U/S WAVE
VELOCITIES AS A FUNCTION OF TEMPERATURE AND PRESSURE

- HoJ. MeSkimin, P, Andreatch ‘
\ . -

, J+ Acous. Soc. Amer. : May 1962
. pp 609-615 Vol. 34 No. 5

1 A pulse superposition method of determining ultrasonic wave velociie Y
in materials such as single crystals is shown to be well suited to t
measurements for pressure and temperature variations, With this A
method the effect of coupling between transducer and specimen can be!
made negligibly small, Data are presented for longitudinal waves
propagated in the X direction of quartz and for XV shear waves pro= |
pagated in the Y direction of quartz. |

Cat: 33
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A VETHOD FOR DETERMINING THE PROPAGATION CONSTANTS OF PLASTICS AT
ULTRASONIC FREQUENCIES . ’

i |
H.J. McSkimin

i J..Acous‘b. &c.o Amer, . " July 1951
- pp be9-b3kh Vol, 23 No. % - o _

A pulse technique particularly suited to dissipative materials is

| described for measuring attenuation and phase shift constants of

. plastics, using either transverse or longitudinal waves in the fre=
quency range of 5-50 Me,

& thin wafer of the material under test is placed between two .
identical fused silica buffers; and waves generated by quartz ery-
stals at the ends of the assenbly are transmitted similtaneously
through the specimen in both directions. Comparison of transmitted
and reflected comgonents by means of & special balancing circuit ,
provides informatlon form which the complex propagation constant can|.
be calculated, and hence dynamic rigidities and viscosities, i

L ‘ —

ANALYSIS OF THE PULSE SUPERPOSITION METHOD FOR MEASURING ULTRASONIC
WAVE VELOCITIES AS A FUNCTION OF TEMPERATURE AND PRESSURE -

H.J. McSkimin, P. Andreatch

J. Acoust. Soc. Amer.  May 1962
pp 609-610 Vol. 34 .

A pulse _sixperposition method of determining U/S wave velocities in
materials such as single crystals is shown to be well suited to
measurements for pressure and temperature veristions.

PULSE SUPERPOSITION METHOD FOR MEASURING ULTRASONIC WAVE VELOCITIES
IN SOLIDS

H.J. McSkimin

J. Acoust. Soc. Amer. January 1961
pp 12-16 Vol. 33 No. 1 '

The velocity of Ultrasound was measured to within one part in 5000
for round trip delays greater than five microseconds. This was done,
by combining several measurements of phase delay with a theoretical -
analysis of the reflection phase angle. (This method may be used

for determining the effects of Temperature and pressure on NDT.) ‘
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INVESTIGATION OF U/S SCATTERING IN METALS

L.G. Merkulov

PP 59-69

Soviet Physics, Technical Physics Part I . January-April®%|

— S

USE OF U/S IN INVESTIGATING OF THE STRUCTURE OF STEELS
L,G. Merkulov

Soviet Physics - Technical Physies = . May-August 1957
, 2 Part 2 : ' B
~ pp 1282-1289 Vol. 2 Fo. 6

U/S attenuation in certain steels is investigated and data provided.
. The problem of practicel application of results for purposes of
* monitoring the structure of metals is discussed. A comparison of
the results of metallogrpahic and U_/S investigations was made.

| ULTRASONIC ATTENUATION OF METALS

J. Mertsching o 3

. Physica Status Solidi 1961
PP 345-351 Vol. 1 (Not in English) -

Pl
i

. SOME U/S MEASUREMENTS IN NORMAL AND SUPERCONDUCTING ALUMINUM

'R.W. Norse, H.V, Bohn

: v

. J. Acous. Soc. America Novenber 19959
PP 1523-1526 Vol. 31 No, 11

Ultrasonic attenuation measurements in an aluminum single crystal
near the superconducting transition terperature are described, These

" include both longitudinal and shear wave attenuations at frequencies
of between 11 and 58 Mc/sec and at temperatures between 1.0 and

. 4,2°K, as well as attenuation as a function of magnetic field-in the
normal state. It is found that the attenuation of shear waves at
the transition temperature shows a discontinuity of about 25% of the
total attenuation, this fraction being relatively independent of
frequency. The longitudinal wave attenuation shows a sharp but con=
tinuous drop at the transition temperature. '
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| EXPERIMENTS WITH A PULSED ULTRASONIC TECHNIQUE
i _
t N¢D.G. Mountford, R, Calvert
. Y :
J. .of Inst, of Metals -, 1959-1960

PP 121-127 Vol. 88

JEPUED ¥ SO W

Experiments show that an ultrasonic technique can be used to investisq
' gate the presence of oxides and precipitated phases in melts of
aluminium alloys. Conditions and rates of precipitation and solution

of these solid phases can be measured, and their concentrations in |
" different melts can be compared. The precipitation at lower furnace |
temperatures of intermetallic compounds of titanium and zirconium anml
the entraimrent with them of "oxide skins", is demonstrated to be ‘
respongible for faults in castings nmade from the melts. The work
has resulted in the development of a modified melting technique,
giving better-quality melts for casting. ‘

[ p—

ABSORPTION MEASUREMENTS OF ULTRASONIC WAVES IN PLASTIC SHEETS

Y. Nakamura

! Journal of Applied Physics ' _ November 1963
. pp 3288-3290 Vol. 34 -No. 11

¢ A description of an experiment to determine the absorption of ultra-
sound in polystyrene and plexiglass was presented. The results

were presented in graph form and a Table compared them to those of
previous experimenters. (Information and techniques in this paper
may aid in the selection of a suiteble solid couplant.)

ACOUSTIC ATTENUATION IN A SOLID PROPELLANT
l B.H. Nall

 AIMA Journal January 1963
 pp 76-83 Vol. 1 No. 1

The acoustic attenuation in l-in. dia. by 15 in. long rods cast from
a doublebase propellant mixture has been measured for longitudinal
excitation from 500 to 14000 cps in discrete steps by the successive
use of qusrierwave and halfwave resonance, and pulse techniques.

The data are observed to give a reasonable fit to a Q of 5.5.
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_pp 249-25T7 Vol. 80 No. 2

- function of frequency and temperature. Quantities are introduced
" which express the dependence of internal friction and of young's

.
L

VARTATION OF AMPLITUDE - DEPENDENT INTERNAL FRICTION IN SINGLE CRYS- §.
TALS OF COPPER WITH FREQUENCY AND TEMPERATURE .

A 8. Now:lck

' Phys.Rev. = : October 1950

The amplitude-dependent internal friction which originates in the .
motion of dislocating in single crystals of copper is studied as a

modulus on strain amplitude and it is shéwn that these quantities -
' are significant measures of the properties of a cryatal

u/s ATTENUATION IN RNORMAL METALS

F Y. Osaka.'

:
'

. Physical Soc. Of Japan June 1963
- pp 877-901 Vol. 18 No. 6

‘

-’ A general treatment of U/S attenuation of both longitudinal and

- transverse wave in normal metals, valid for an arbitrary mean free
© path, is given by means of Green's function formal. SM.

ULTRASONIC ATTENUATION AND VELOCITY IN SAE 4150 STEEL

E.P. Papadakis et. al,

WAL TR 14

_ Wa.tertown3 3Zenal Laboratories December 1961

Ultrasonic attenuation and velocity meaéurements have been made on
SAE 4150 steel in the hot-rolled, austenitized-and-quenched, and

. tempered conditions to study temper embrittlement. It was found that

the ultrasonic measurements did not show any correlation with the
hardness or the notched-bar breeking energy of the steel, The
attenuation from both elastic hysteresis and Rayleigh scattering
decreased on quenching and also on tempering.

97




NA-65-813

. ' N ’ - . . r
. | _ | 2
| U/S ATTENUATION IN SAE 3140 & k150 STEEL

} E.P. Papadakis s

J. .Acous. Soc. America Decermber 1960
pp 1628-1639 Vol. 32 No. 12 »

| .

' The attenuation of longitudinal ultrasonic waves from 5 to 95 Mc is -
studied by the pulse technique in blocks of S,A.E. 3140 and k)50
gteel to deteiwmine the loss mechanism and to find possible methods
for precision testing the microstructure of materiels. .It is found

" that scattering by-the grains in the polycrystalline steel is res-

' ponsible for the attenuation in tempered structure. The critical

' quantities are the grain diameter and the average squared fractional

| variation in the elastic modulus of & single grain. .

| GRAIN SIZE DISTRIBUTION IN METALS AND ITS INFLUENCE ON U/S ATTEN=-
UATION MEASUREMENTS ‘

E.P, Papadakis

J. Acous. Soc. America November 1961 |
PP 1616-1621 Vol, 33 Noi: 11 |

. A transformation has been derived relating the number of spheres

_ of a certain radius R per unit volume (the "volume distribution of
spheres") to the number of circles smaller than a certain radius r
per unit area (the "area distribution of circles") appearing on a
plane cutting through the volume. The transformation was applied to
- several hypothetical grain-size distributions for polycrystalline

. metals to find the resulting hypothetical area distribution of grain

L

s

j T :

. DIFFRACTION OF ULTRASOUND IN ELASTICALLY ANISOTROPIC NaCl AND IN
' SOME OTHER MATERIALS ' '

l ‘ o

'E.P. Papadakis

J. Acoustical Soc. Amer. ‘ : April 1963 ;

pp 490-UOL Vol., 35 No. b4
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'RAYIEIGH AND STOCHASTIC SCATTERING OF ULTRASONIC WAVES IN STEEL
E.P. Papadakis

J. Appl. Physics : February 1963
PP 265-269 Vol. 34 No. 2 -

The U/S attenuation in SAE 4150 steel has been meaaured from 5 to
100 Mc at.various stages in 1ts heat trea.tment.

e S—

e e T

~ J. Appl. Physics . lfay 1964
" pp 147h-1482 Vol. 35 No. S ) :

U/S ATTENUATION IN METALS

A.B. Pippard

Philosophical Mag. 1955

. frequencies that the electronic free path is smaller than the wave-

E.P. Papadakis

e SO SO
B

ULTRASONIC ATI‘ENUA'I'ION AND VELOCITY IN THREE TRANSFORMATION PRODUCTS
IN STEEL

pp 1104-111% Vol. 46

The attenuation of ultrasonic waves by conduction electrons is
analysed in terms of the free-electron model of a metal. At such low

length, the result obtained agrees with that found by other authors
using simpler concepts, but this agreement breaks down when the free

. path becomes comparable with or larger than the wavelength, At very
" high frequencies the attenuation of longitudinal waves increases in

- proportion to the frequency: without limit, while that of transverse

waves tends to a constant value,
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THEORY OF U/S ATTENUATION IN METALS AND MAGNETO-ACOUSTIC OSCILIATIONS

A.B, Pippard

Royo Soc, Proc, Sep'bember 6, 1%0'
PP..165-193 Ser. A Vol. 257 No. 1289 S

The attenuation- of an ultrasonic wave by direct interaction with the
conduction electrons in a metal is analyzed without making any special
assumptions about the ghape of the Fermi surface, The problem is

reduced to a calculation of the currents set in a stationary ‘
lattice by forces on the electrom , some real (due to electric fieldd)
and some fictitious to describe the disturbances due to the passage
of the wave, . - : -

————

m e piaaaa v

PUNSSpupE

ULTRA SCEALLMESSUNGEN IN METALLEN UIN GESCHMOLZENEU ZUSTANT UND BEIM

V. K. G. Plass B .
1963

Acustica :
pp 24O-2kh Vel. 13 -

A method is descrived for the determination of U/S absorption in me-
tal melts at 15 to 50 Mc/sec and temperatures up to 40O deg. C. The
acoustical behaviour of the melts during solidification is described
and interpreted.. ‘

ABSORPTION OF RAYLEIGH WAVES IN A LOW LOSS MEDIA
F. Press, J. Healy

J. Apply. Physics November 1957
pp 1323-1326 Vol. 28 Fo. 11

U/S experiments are described in which three absorption coefficients
are measured in thin Plexiglas sheets. The theoretically derived
expresgsion satisfactorily relates the observed absorption coefficient
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' Letters to Editor . o

DERIVATION OF FREE-SPACE SCALAR GREEN'S FUNCTION .
(on wave equation, et. al.) -

D.H. Robey

(Publication unknown) ]

THE MEASURENENT OF ULTRASONIC ATTENUATION IN SOLIDS BY THE P’ULS!
TECHNIQUE AND SOME RESULTS IN STEEL

R.L. Roderick, Truell, Rohn

J. App. Physics February 193:4
Pp 267"279 VOl. 23 NO. 2 B '

Pulse techniques for the measurement of attenuation in solids have
been extended and refined sufficiently to obtain dependable measuree
ments over a frequency range from 5 to 50 megacycles, Understanding
of the relative importance of beam spreading, geometrical boundaries,
and method of coupling has been improved, Coupling by means of water
buffer and direct mounting is discussed in detail, ‘

\
\

ON THE MEASUREMENT OF ULTRASONIC ATTENUATION IN SOLIDS AND SOME
RESULTS IN STEEL :

R.L. Roderick,'R. Truell

WAL 143/1L- 1& , .
Watertown Arsenal Lab. Report May 1951

THE INFLUENCE OF METAL GRAIN STRUCTURE ON THE ATTENUATION OF AN U/S
WAVE

R.K. Roney

PHD Thegis

; Cal. Tech. " 1950
Apparatus is described for the study of the propagation of U/S
accoustic waves in solid bodies and its application in metallurgy.
In particular, the anistropy of attenuation in cold worked aluminum
and the effect of anneal are demonstrated.

«:«_ —
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' SONIC GRAIN ORIENTATION TESTER

" R.E. Rowley , |
" NP o ' March-April 1960 -

g

1 PP 119-120 .

JRUPEPUP

U/S DETERMINATION OF THE SUPERCONDUCTING ENERGY GAP IN InyBi

| G.A. Saunders, A.W. Lawson
J. App. Physics ' , November 1964
P 3;22-332& Vol. 35 No. 11

- g

!

' EFFECTS OF ENERGY IRRADIATION ON THE PLASTIC DEFORMATION OF METALS

j ,

" E. Schmid

H

* Materielpruf. ' August 1962
PP 27h-283 Vol. h No. 8

PROPAGATION OF ULTRASOUND IN FERROMAGNETIC METALS AT LOW TEMPERATURE |
G. Simon

Phys. Rev. ' October 1962 |
pp 161-167 Vol. 128 No. 1

The theory of cyclotron resonance absorption of microwaves and of
U/S waves in ordinery metals 1s extended to ferro-magnetic metals.
Formulas for velocity and attenuation of elastic waves are derived.

s s L L

' U/S ATTENUATION IN CAST ALUMINUM

H. Smolen, H. Rosenthal

Modern Castings (Mag) ~ Ma; . 1959
pp 55-60 f

|
|
|
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ULTRASONIC REIAX_ATION LOSS IN Si0,, GeOp, B,O3 AND A8203 GLASS

| R.E. Strakna, H.T: Savage

J. Appl. Physics ' . : May 1964

Measurement of the temperature dependence of the longitudinal and
shear U/S attenuation from 5 to 50 Mc/Sec were made in select samples
of glass.. In each case & relaxation loss with a distribution of

| relaxation times was found. :

' U/S DOUBLE REFRACTION IN WORKED METALS

P.F. Sullivan, E.P. Papadakis

: J. Acow. Soc. America - November 1961
: pp 1622-1624 Vol. 33 No. 11 '

! : :
' The double refraction observed while measuring the attenuation of

U/S transverse waves in heat-treated 4150 steel was investigated.
. Calculated valves of fractional velocity differences are given.

e
{ ABSORPTION OF U/S SOUND WAVES IN ALUMINUM AT HIGH TEMPERATURES

4 :
''V.K. Tajaden

!Acust-ica _ : A 1961
! (German)
‘pp 127-136 Vol. 11

The sound-echo impulse method has been used to measure the absorptim
| of longitudinal U/S waves in two alloys of eluminum and in a single '
‘erystal of aluminum. The measurements have been made in a frequency
 range from 5 to T2 Mc/sec and for temperatures varying from normal

e T

wroom temperature to 40O deg. C. .

o

ABSORPTION LONGITUDINAL.R ULTRASCHALLWELIEN IN
ALURINUM BeI HOBoli TaiPARATURES

K. Tjaden

Acustica, Vol 11 p 127 ' 1961
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. NONDESTRUCTIVE GRAIN SIZE MEASUREMENTS WITH ULTRASONICS ' T
:

}D.L. Worlton ‘

j J. Soc. NDT 7 November~December 1955

‘pp'Qh-QG Vol. 13 Fo. 6 _
. The degree to whith U/S energy is absorbed in traveling thru brass ig

- and the average grain dlameter £ the metal.,

shown to be related to the wavelength associated with the U/S waves

~—

{

|

|

L

APPLYING ULTRASONIC VISCOMETERS TO POLYMER PROCESSES

A.M. Wotring, T.B. McAveeney

ISA Jourmal October 1960

pp 67-69 Vol. T No. 10

The article reports on original Monsanto research done 1o learn in
which polymer systems the U/S viscometer can be used and to develop

typical viscosity curves.

STUDIES OF ELAS'I'IC WAVE ATTENUATION IN POROUS MEDIA
M.R.J, Wyllie, et. al.

Geophysics ’ October 1962
PP 569589 Vol. 27 No. 5 ctober 196

Experiments were performed to measure attenuation in the frequency
range { ¢ 20,000 cps by & resonant bar method. Alundum bars were
used fo test the validity of the theory. Experiments were also
made with natural specimens of rock. '
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STRATN AMPLITUDE OF Mc/sec ULTRASONIC WAVES IN SOLIDS

A Alers’ P.A, Fleury

! Journ. Acoust. Soc. Amer, July 196h41
PP 1297-130h Vol. 36 No. 7 : _

" Measurerent of strain amplitude in aolids , using standing wave and
pulsed conditions, using four different methods to provide data

for pompa.rison.

P.J. Ernst : - | .

ULTRASONOGRAPHY

J. Acous. Soc, Amer. . January 1956
7p 80-83 Vol. 23 Fo. 1 :

It is shown that with or without U/S lenses or other devices for thd
concentration of U/S energy, by ultrasonics ’ images can be made on
photo-sensitive emilsions, ,

. CRYSTALLIZATION OF ALUMINUM-COPPER ALLOYS AS A RESULT OF U/S 0S-
. CTLLATION | . .

| : : A

[ G.I, Eskin, I.N7 Friedlyander

|

3

J.A, Hedvall

| Telnisk Tidskrift 20 m) | 194
|_pp 625-626 |

' BASIC PRINCIFLES OF THE APPLICATION OF SONIC AND U/ S ENERGY
i

. Chem. Eng. Progress Symposiwn Ser. 1951
. Ultrasonics : o
PP 51-56 Vol., W7 No. 1

U/S EFFECTS ON SURFACE REACTIONS

E.A., Hiedemann

105 ;
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KINKING IN ZINC CRYSTALS BY U/S WAVES
B. Langenecker, M.A, Frandsen, S. Colberg

Journal of the Inst. of Metals 196221
PP 316-317 Vol. 91 . 962-1963

EFFECT OF SONIC AND ULTRASONIC RADIATION ON SAFETY FACTORS OF ROCKETS
AND MISSIIES '

B, Langenecker

ATAA Journal o . ~ Jamuary 1963
pp 80-83 Vol. 1 No. 1 g

Results obtained from studies of basic phenomena of direct U/S
radiation of metals, and a discussion of the theoretical aspects
involved, are presented,

' CHEMICAL EFFECT OF ULTRASONICS
' N. Moriguchi
Jr. Chem, Soc. Japan 1933

(Japanese)

. pp 9U9-96T Vol. 54

~

A

EFFECT OF U/S VIBRATIONS OF DIFFUSION IN STEELS AND ALLOYS AT
ELEVATED TEMPERATURES

G.I. Pogodin « Alekseev

Metallovedenie i Obrabotka Metallov June 1958,
,.Pp 41T To, 6 '

|

|
'~ ACOUSTO-ELASTICTTY

E V.J. Reelson

. Armour Research Foundation ' 1962
| Spring Issue, pp 26-30 4

| Discussion of the use of polarized, transverse sound waves in order
! to develop a stress analysis technique similar, but superior to, the
| technique of photo elasticity.
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| MEASUREMENTS OF MODULUS OF ELASTICITY AND LOSS FACTOR FOR SOLID |
. MATERTALS
1
A. ‘Schlagel
" Bruel & Kjaer Technical Review | Jenusry 1958

1?1’1’1-2‘.* o |

" INFLUEXCE OF U/S ON THE CREEP OF SILVER SPRINGS.
R Siegel

. Acta Metallurgica _  February 62
p 160 Vol. ;0 . <

;
i | | 1

i

THE EFFECT OF U/S VIBRATIONS ON THE PRIMARY CRYSTALLIZATTON OF ‘
. ALUMINUM ALIOYS ' ;
j ' ‘ '
V.I. Slotkin, G.I. Eskin

Tzvest. Akad. Nauk S557STR: Otdel. : 1957
Tekh, Nauk. (Russian)
PP 33'36 No. 9
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. 35. EFFECT OF STRESS AND STRAIN ' I
* ACOUSTOELASTICITY |

R.W, Benson, V.J. Raelson
 Product Engineering _ July 20, 1959

.Presentation of a method where'by Polarized high frequency sound
_waves are used to check for residua.l stresses. ¥

AN U/S METHOD FOR THE DETERMINATION OF STRESS

R.W. Beneon

1959 IRE Wescon Convention Record Part 6A ' 1959| |
(Avstract only) .

L U

U/S STRESS ANALYSIS
R.W. Benson

?”{Slﬂﬂ; o ' Spring 1962

. EFFECT OF STATICALLY APPLIED STRESSES ON THE VELOCITY OF PROPAGATION
OF ULTRASONIC WAVES

R.H, Bergmn, R.A. Shahbender

J. Applied Physics December 1958
PP 1736-1738 Vol. 29 TRo., 12 :

This paper gives the results of an experimentsl investigation of the
. changes in the velocities of U/S waves propagating transverse to
the direction of applied stress in an aluminum column.

DISLOCATION CONTRIBUTION TO ULTRASONIC RARVMONIC GENERATION

A.D, Brailsford

t Communications *  January 1964
PP 2256-2257 o 96
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. INVESTIGATION OF RESIDUAL STRESS IN FERROMAGNETICS USING ULTRA-
' SONICS ‘

~

VW.J. Bratina, D. Mills

Sperry Reprint Fo. 50-809 , , 1960
(Nondestructive Testing - 1960) '

A paper dealing with an attempt  evaluate quantitatively the magnie
tude of residual stresses in low carbon steel by employing the ¢
in the absorption of ultrasound. "

A MONOGRAM FOR PHOTCELASTICIANS
D.M, Campbell

5 Expg:imental Mechanics December 1964
P )

i

HIGH TEMPERATURE ‘DYNAMIC MODULUS MEASUREMENTS BY USE OF ULTRASONICS

N
H.L. Dunegan
Materials Evaluation | June 196k
pp 266-273

A new technique is presented for measuring velocity of ultrasonic
wvaves in isotropic solids at temperatures to 1600 F. A unique fea=
ture of the technique 1is that the specimen design allows both
longitudinal and shear velocity dats to be obtained with one transe
ducer by virtue of using a mode conversion principle, A detailed
description of the theory, spscimen preparation, instrumentation,
and experimental procedure are given, along with some experimental
results of the variation of Young's modulus, shear modulus, and

Poisson's ratio in hafnium, 4340, and Hastelloy "C" to temperatures

of 1600 )

RECENT ADVANCES IN STRESS MEASUREMENT BY ULTRASONICS
H.A. Elion . .

Elion Reports : : April 1960
Vol. 1 No. 2 ) :

|
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CALORIMETRIC MEASUREMENTS OF U/S ALLOY PRODUCED STRAINS IN SOLIDS
N.G. Enspruch, F. West

J. Acoust. Society-AM, 1960

. A =

A LITERATURE SURVEY ON THE EFFECTS OF ENERGY FIELDS ON SURFACE
REACTIONS

K.R. Freeman

NAA/LAD TFD~64-283 | | April 196h4

| |
~ NONDESTRUCTIVE 'TENSILE TESTING' OF CAST IRON

W.A, Felix

- Metal Progress . _ February 1963
- pp 91-95 ' ‘ "

~

k)

THEORY OF MECHANICAL DAMPING DUE TO DISLOCATIONS
A, Granato, K. Lucke

J. App., Physics : June 1956
Pp 583-593 Vol. 27 No. 6 : :

A quantitative theory of damping and modulus changes due to dis-

locations is developed. It is found that the model used by Koehler

of a pinned dislocation loop oscillating under the influence of an
- applied stress leads to two kind of loss, one frequency dependent

iand the other not, The frequency dependent loss is found to have a

rmaxiumum in the high megacycle range. The second type of loss is a
| hystercsis loss which proves to be independent of frequency over a
'wide frequency range which includes the kilocycle range. This loss
'has a strain-smplitude dependence of the type observed in the kilo-
lcycle range. The theory provides a quantitative mterpretation of
! this loss.

- e g
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EVALUATLIG ALUMINUM ALLOYS BY NONDESiRUCTTVE TESTS
D, Hagemaier, R, -Kleint ‘
Metal Progress ' ~ November 196k

P 115-118" :

‘Article concerning mechanical -properties of aluminum alloys by means
of conductivity tests. ' . .

S e —

SOUND REVEALS STRESS PATTERNS

Iron Age ‘ January 31, 1963
pp 58-59 Vol. 191 ‘No. 5

J
!
|
!
i
)
i
i
|
|

|
|

. NONDESTRUCTIVE ANALYSIS OF THE BRITTLE FRACTURE BEHAVIOR OF CERAMIC
MATERTALS | a

J.B. Lauchner et, al,

ASD TR 61-436 Part I February 1963
W-P AFB
A technique for calculating maximum stress in an elastic loop was ded.
. veloped and applied to the measurement of the strength of glass fiers
from three to seven mils in diameter. The strength values were
related to surface condition by surface decorations techniques.
Surface flaw decoration of cleaned and pollished surfaces was per=
formed by condensation of water on the surface, Minute flaws esti-
- mated to be less than 1000 X deep were easily revealed, .

Capacitance behaviors of polycrystalline materials were studled.
gggidual stress effects were observed under statically loaded con=-
ons.

-

CRACK GROWTH
Cc.E. Lautzenheiser et. al.

Paper outlining the various techniques employed and the resuits obe
tained on U/S tests performed on various vessels. Included is a
brief description of the theory of how U/S waves are propagated.
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THERMAL STRESSES ON THE SURFACE OF TURE-SFEET PLATES OF 10 AND 33}‘3%
LIGAMENT EFFICIENCY

M.M. Leven, R.L. Johnson

Experimental Mechanics o Deceiber 1964
PP 356-353 . '

—

U/ 5 DETERMINATION OF ELAST'IC CONSTANTS OF METALS AT EIEVA'ED TEM=
- PERATURES C

| AP, Levitt, A.G, Martin - i

NDT September~-October 1960

Description of the technique end test system developed for a simple, ;
rapid and accurate U/S pulse-echo technique developed for measuring |
' the dynamic elastic constants in metals at elevated temperatures. ’ i

[ e ————

METHODS OF MEASURING MECHANICAL PROFERTIES OF PLASTICS WITH HIGH - - e

.

sH J. McSkimin, R.P. Chambers
. |
Bell Telephone Labs February 1964 i

Description was made of two methods, water immersion and a method
involving thermal bonding between the specimen and two solid rods
of quartz, vhereby wave velocities and attenuation of very h:lgh fre-

qzency ultrasonic waves were measured. i
!
i

'I'he techniques used in these measurements may be useful for similar
measurements in metals, ‘ _

I

USE OF HIGH FREQUENCY ULTRASOUND FOR DETERMINING THE ELASTIC MODULI
OF SMALL SPECIMENS

L
|
i
'

H.J. McSkimin
October 1, 1956

|

National Electronics Conference
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A NeW INTERFEROMETRIC MSTHOD OF TWO DIMeNSIONAL
STRSS ANALYSIS . "

M. Nisida & H.Saito
Experimental Mechanics, pp 366-376 Dec 1964
'A discussion of the use of interferometry in obf.aixﬂng

both the sum and difference of principal stress simle
taneously in two-dimensional stress distribution.

ULTRASONIC DSTECTION OF CHANGES IN THE nLASTIC PROPERTIES

OF A 30-70 IRON NICKEL ALLOY UPON HEAT TREATMENT
E.PPapadakis & Reed

J. Applied Physics :
Vol 32 No. 4 pp 682687 ' Apr 196).

U/s attemation and velocity measurcments were made by
the pulse-echo method on specimens after various steps
in their transformation from austensite to martensite.

Ty &

ULTHASONIC TESTING OF INCONEL~X PLATE & CORRSLATION
OF U/s TuST WITH MsTALLURGICAL AND MiCHANICAL PROPERTIES

M.G.Plautin = - . : R

e T

NAA/IAD PDL Lab, Memo No. FE 12-8-3 . Dec, 1958

.

'STUDY OF MiTHODS FOR NONDESTRUGTIVE MSASUREMENT OF
_ 'RUSIDUAL STRuSS

F.R.Rollins

'WADC TR 59-561 . Aug 1959
Midwest Research Inst

New techniques of measuring residual stress are inves-
tigated, including a study of various physical phenomena
which exhibit stress dependent relationship. Ultrasonics
was chosen for further investigation. A technique based
on the double refraction of shear waves, for measuring

the average stress through certain specimens 1s described

and sources of error are discussed.

e e T
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STUDY OF ULTRASONIC TisCHNI: \Ur_-S OF THe NONDbSTRU CTIVE
MEASUR:MINT OF ReSIDUAL STRESS

F.R.Rollins & P. W&ldow

WADD TR 61-42, Part IIX o May 1963
Midwest Research Inst. )

(Final report) A theoretically predicted third beam
is generated at the "point" of intersection and has
been experimently observed in samples of fused silica,
polycrystalline aluminum and magnesium. A potential
method of 3-dimensional stress analysis is discussed,
An optical system for studying beam interaction in
transparent solids is described, )

NDT MSASUREMENT OF TwullSILE AND COI*ZPRESSIVE STRESSES
R.A.Shahbender o ’
IRE Wescon Conv, Record, Part 6A 1959

Discussion of the effects of stresses on the velocity
of propagatlon of ultrasonic waves, _ o

A e e

. determine the effects of stresses on the velocity of propagation
. of ultrasonic waves. The test data indicates measurable changes in

NONDE_STRIETIVE MEASUREMENT OF TENSILE AND COMPRESSIVE STRESSES
R.A. Shahbender

Wesocon Proceedings . ' 1959
pp 13-18 Vol. 3 Part No. 6 :

The paper discusses the experimental results of an investigation to

the velocities of shear waves propagating transverse to the direcﬂm
of applied stress.
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36. FATIGUE EFFECTS

.
. <,

ULTRASONIC FsTHODS IN THis STUDY OF FATIGUE AND o l
’ D FORMATION IN SINGDE CRYSTALS .

'B. Chick, et al K

ASD-TDR 62-186 . Apr 1963

Brown University, R.I.

Report on the use of u/s methods {and some electrical
conductivity measurenmert s) for studying defect formation .
and motion in connection with defarmation and stress
cycling experiments in Al and NaCl single crystal_a.

THs DSVELOPMENT AND SVALUATION OF AN ULTRASONIC
FATIGUE UNIT S

T.E.Clifton, et al

College of Aeronautics, Note 141 ‘Mar 1963 .
Cranfield, England . '

‘A fatigue test apparatus operating at 20 Kc¢/s is
described. The unit is based on a standard magnetost—
- rictive drive system as used in high energy stress wave
_generators. Some typical results on tests on Al alloys
are presented, ' ‘ '

ULTRASONICS PROVsS ITS WORTH IN DETECTING FATIGUE
POINTS IN ROLLER BEARINGS : '

I. Koved & R-T.Roqund,

SAE Journal, pp 74-78 June 1965
U/s"t.echniques are used in locating potential fatigue
nuclei in roller bearings, differentiatihg between

poor, average and good quality bearing steel in'temms
of group life performance, '

PRsDICTING FATIGUS FAILURS WITH ULTRASONIGS
Metal Progress Magazine
Vol 84 No. 5 Nov 1963
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ULTRASONIC CONTROL OF FATIGUE DAMAGE TO MATERIALS f
P.V.Ponoma.pev

Zavodchaia Industrial Laboratory © July 1963 -
Vol 28 No., 11  pp 1429-31 .

A discussion of the relationship between the accumlation
of fatigue damages in a material and absorption of
ultrasound during the process of fatigue inspection.

' PRLDICTION OF FATIGUE FAILURs USING ULTRASONIG o . =

SURFACA WAVES

" J.G.Rasmssen

Krautkramer Ultrasonics, Inc.
Reprint No. 901 . ‘ 1962

A description to the solution of the problem of
predicting fatigue damage in early stages of the
fatigue life of a structural part in service is
presented, The method, equipment and results obt-
ained using different surface treatments are given,

-

.ULTRASONIC DETiCTION OF FATIGUE CRACKS DURING

RWPEATED STATIC TESTS
Y.A.Rublev & ¥,.S.Danilov
Zavodskaya Laboratoriya ' Oct 1963

Vol 29 No, 10 pp 1188-1191
(English translation)

THE USs OF ULTRASONICS IN FATIGUE TESTING
R.B.Socky '

haterials Evaluation
Vol 22 No. 11 pp 509-515 Nov 1964
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USES OF ULTRASONIC NSTHODS TO DET:RMINE FATIGUS
EFFECTS IN MuTALS

R. Truell, st al

WADC-TR  59-389 ' Nov 1959
Brown University, R.I.

This report discusses observed changes in u/s attenuation
and velocity in commercially pure 1100 Al when subjected
to slow continued stress cycling and a delayed recovery
_phenomenon that appears vhen cycling is interrupted.

e m———— e e e eae e an e e s @S . e e e ae - s bt o o -

ULTRASONIC MSTHODS FOR THs STUDY OF STRESS CYCLING
EFFsCT IN HETALS

R. Truell, et al ‘

WADD TR 60-920 . apr 198
Brown University, R.l. = .

The measurement of changes of u/s attenuation and velocity
during stress cycling are shown together with accompanying
changes in the metallographic character of the surface
sample as determined by acetate replicas and optical methods
as well as oxide replicas and electron micrographs., Equip=-
ment developed for the automatic recording of attermation i
and velocity changes is also discussed. "

Cats 36
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'37. AMPLIF. AND RESONANCE EFFECTS - ' "

APPLICATIONS OF ULTRASONIC PULSL INT::.RFJ.‘.HENCE

S. Aveyard & R.S.Sharpe L ‘

Detection of disbonds by the change in interface
damping characteristics when using standing wave ;
interference techniques; use of interferometer i
discussed, '

AXCITATION OF HYPERSONIC WAVES BY FuRROMAGNETIC ?
RESONANCE A | | :

H. Bomml & K. Dransfeld

Physical Review Letters July 1959
Vol 3 No. 2 pp 83-84 1

ULTRASONICS AS A TOOL FOR TH& STUDY OF SUP:RCONDUCTIVITY
HoEoBomel .

Bell Telephone Laboratories 1957

Paper presented at Proc. Low Temperature Conference
at ladison, Wisconsin,

Yo o

ERKeIGITNISSE UN FOLGERUIIGul AUS DiR HSSSUNG VON
GisRAUSCHuN BEI ZUGBSANSKFAUCHUNG VON LisTALLISCHEN WERKSTOFFEN

e e o  m

J. Kalser

Archiv fur das Eisenhuttenwesen Jan-Feb 1953
pp 1-3

———
e t— . e e e e+ &

SCLNCE CeNTuR HIGHLIGHTS

NAA/SC - 25 June 1965

-Phonon danping

-Standing waves ... in f.c.c. crystals
-alectrochemical kinetics

-hagnetic structure, Au-Fe alloy system
~liechanical propertiex of solids

li8 ‘ [
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PRESSUR: DISTRIBUTION IN THE ACOUSTICAL FIKLD EXCITED

- BY A VIBRATING PLAT&

A\

J. Pachner

Je. Acous Soc America . ' Nov 1949
Vol 21 No. 4 pp 617-625 : o

Pressure distribution in the acoustical field excited
by a vibrating circular plate clamped at the edge in

an infinite wall is calculated for the points the dig-
tance of which from the center of t.he plate is greater

than 10-20 times its radius,

STIMULATION OF NUCLEAR MAQIUATIC RESONANCE BY, ULTRASOUND
V.A.Smtilov *

Soviet Physics - Acoustics
Vol 8 No. 4 pp 303-319 o _Apr-June 1963

L3

Cat: 37
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SVALUATION OF THe Ii36RSCuPs FOi THo (ONDESTRUCTIVE
SVALUATION OF iwTAL HONYCOIB SANUWICH PARTS

R. Anderson

’

KAA/LiD Report Mo, CD-3526 hug 1965

-

DuVilOPhahT OF NOND.L.S'lRUCLIVu TESTING FOR STRUCTURAL -
AUDHuSIVe BONDS :

J.S. Arnold & C.T.Vincent

WADC T 54-231, Part I ' Hay 1954
Stanford Research Institute : ‘

It is found that no aspect of the low frequency behavior is
indi cative of joint strengtin. Techniques utilizing high
frequency impedance measurements as provided by mechanical
driving systems and steady displacanents prodiced by the
application of vacuum cups are developed, =Results from
these teciuniques justify further investigation.

DuVulOPHUWNT OF NONDES'ERUCTIV&S TuSTS R STrUCTURAL
ADH=S5IVia BONDS

J.S. Amold

WADC TR 54~231, Part 2 May 1955
Stanford Research Institute )

A method of testing metal honeycomb panels was investigated

utilizing a vacuum cup-opiical interference system. It was
found to be capable of voids in the panels but gave marginal
data concerning bond strength and quality,

D.VILOPHEHT OF NONDESTAUCIIVe TwSTS FOR S‘I‘HIJQTURAL )
ADHwSIVe BONDS = MeCHAWICAL IlMPuDANCw TwCHNIQUE

J.S. Arnold

WADC TR 54-231, Part 3 | | Apr 1955
Stanford nresearch Institute

A Flu/s mpedance sensing technique (Stubmeter) was used

to measure the strength of adhesive bonds. Signal correl-
ation curves with flatwise tensile and shear strengths was
siznificant; disbonds were also detected, lNo attempt was
nmade to detect opposite side disbonds in honeycomb sandwiches.




|

|
'!

-Stanford Research Institute

and structural leading is presented,

DaVALOPYHeNT OF NONDSSTRUCTIVE TuSTS FOil STRUCTIRAL
ADHuSIV BONDS ' '

J.S. Arnold

VADC TR 54-231, Part 4. ' Jan 1956

A 500 ke range Fli u/s impedance bensing technique was used
vo measure adhesive bond strength and to detect disbonds.
The technique showed some signal-strength correlations and
readily detected "near side" disbonds in bonded honeycomb
structures. - Detection of opposite side disbonds was not
attermpted. A discussion of theoretical transducer behavior

DisVSLOPHaNT OF NONDESTRUCTIViS TiSTS FOR STRUCTURAL
ADHUSIVE BOHDS

J.S. Arnold

1ADC TR 54-231, Part 5‘ Feb 1957
Stanford Research Institute

An u/s technique for evaluation of vonds is developed ard

tested. Operation of the instrument I'f.‘s based im.the emp:gr:.cally ‘
observed fact tiat the behavior of a J.emjoelec?rlc tra.nsduger,
when meciianically coupled to a test specimen, 1s a_ffl:acte Y
the structural properties of t.i'xe. test specimen.. Inltlai. data
provided improved means of choosing optimum frequency ranges.

7
L
1F

DiVSLOPMANT OF NONDBSTAUCTIVS TuSTS FOR STAUCTURAL
ADHuSIVis BONDS '

J.S. Arnold & CG.T.Vincent

WADC TR 54-231, Part b Dec 1957

Stanford Research Institute

4 500 ke Fii ufs impedance scnsing technique was used to
rneasure adhesive bond faults and to detect disbonds in
composite structwres. All faults were detected but the

neasurenent s were of marginal usefulness in several cases,

an experimental technique and tests results are presented
for studying the dynamic bechavior of a transducer,
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DisVoLOPENT OF NONDLSTRUCTIVi TiSTS FOR STRUCTURAL
ADHwuSIVe BONDS

J.S. Arnold

VIADC TR 54~231, Part 7 ApPr 1959
Stenfard Research Institute

Laboratory work with the mechanical loading of the transducer
has led to a better understanding of the relationship between
bond quality and the indications thereof that ars provided
by u/s instrumentation. 4s a result, it has been possible to
construct simplified appa.ratus...for production testing.

o o rmmn mm e+ e e e s [N e e ——————— e

SVALUATION OF ULTRASONIC TusST DuVICwS FOR LiSPLCTION OF
ADHLSIVs BONDS

V.H. Boruff

2R 10911-10 (Guarterly Prosress ieport 10) Jan 1962
Martin Marietta Co.

SVALUATION OF ULTRASONIC 1wST DuVIC.S FOR IiSP.CTION OF
ADH.SIVE BONDS

V.H, Boruff

SR 10911-11 (Quarterly Prog. Report 11) Apr 1962
hartin Marietta Co.

Note: See RuuiSE for earlier reports.
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DuVuLOPLeNT OF A NOWD&STIUCYTIVa ToST ksTHUD FOR THS
QUALITY ASSURANCE OF A GLiSS FILALT POLYURSTHANS
i COI-POSITis STAUCTIRS. '

} t’i\J « Botsco ' A
f NAA/LAD Report Ho. 61..e.Q-378 Oct 1964

i

! INTJ..GRATION OF FLAVW DiTCCY(RS I FILAMAT Wi X
N LT WOUND AnROSPACE

R.A. Burkley & T.J.Roller
WASA Report X63-13913

" APPLID RESEARCH PROGRAI FOL D.JVMLOPAuNT or ’"ALJS OF
INSPACTION OF FIBuiGLASS ROChuT CASws iOTORS

J.B. Card & J.T.Collins

Final Report No. 1100 kMar 1963
Automation Industries, Boulder, Colo. .

Report describes the application and lixitation of commer-
cially available u/s NDT equipment for nondestructive evale
. uation of the quality of fiberglass cased solid propellant
rocket motors. Included is a description of the develop-
ment of a low frequency u/s inspection gysten and special
transducer assemblies for usc in inspection of subject item,

STUDY OF THE SIUB MsTaR FO. USu AS 4 MDY DEVICS FOR
1LTAL SANDWICH ADHuSIVa bUNDS .
G.. Cigel

| NAA/LAD PDL Report io, CD-3343 . Oct 1955
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AN ULTRASOKIC TECHNIQUS FOR THs <VALUATT
FOL THs SVALUATION
HONLYCOB STWUCTURAL MAT:iIAL W OF BONDED

Weile Clotfelter‘ ;

. HTF-P&VE-H-63-12 -
NASA report Sept 1963 .

Progress to date is reported on develo

pment of a continuous
wave through-transmission u/s technique that is applicable to
qua.lity vern.flcatlon oi‘ oox.posxte honeycomb mtemls.v

i

| A.G.H. Dietz et, al.

i

d

MEANS FOR TESTING BOND STRENGTH
R. C. Crooks

u.s, Patent To. 3,01h 36)4 December 26, 1961

THE MEASUREMENT OF DYNAMIC MODILUS IN ADHESIVE JOINTS A'I‘ U/S
FREQUEI\'ICIES

AST™ . 1950
pp 1h1h.1k26

BONDING INSPECTION
Commerce Dept. (FAA)

QC Digest No. 5 July 1960
Bureau of Flight Standards

ULTRASONIC INSPECTION METHOD

M. E., Cram et al X
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NONDiSTRUCTIVE TeSTING OF ADHSSIVS BY ULTRASONIC WAVES

A.G.H. Dietz

Symposium of Soc of Chemical Industries, 1954
London, “mngland pp 218-221+

ACGUSTIC SPiCTAONSTRY OF ADHSIVES
J.V. Fitzgerald . '
Adhesives Age Vol 6 No. 11, pp 36-38 Nov 1963

Newly developed electronic instrument measures the acoustic
absorption of different materials.

APPLICATIONS & ADJUSTHLNTS OF T 1510 PAOBS OF THu
FOKKiER HOND TESTER - '

Fokker

- Report No. R-296 Aug 1961
Royal Netherlands A/C Factory

L

\

ULTRASONIC MEASUREMENT APPARATUS ’ N

L. Dy Furon

4 gt e e

_U.8, Patent No, 3,011,338 o __December 5, 1961

FLAW DETECTION APPARATUS

L. D, Furon

U.S. Patent No, 3,011,3% - Decerber 5, 1961

WONDuSTIWCTIVe TwSTING OF ADHuSIVE BONDzD JOINTS
HeleGonzalez & C.VeCagle

Paper presented at 4th Pac. ieeting of Soc., ASTH Oct 1962
(Hughes Aircraft Co.) .

R
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HDT DiVSLOPM<NT FOR POLARTS FILALZGIT VOUND CHAMBERS
A.H. Granat & P.S.Steinkritz | | ' : | /
Paper, Proc. 4th Annual Symposium on NDT of '

A/C and ﬁﬁ.sSile Components, San Antonio, Texas . 1963
e DD 115 _ . :

ADHESIVE BONDED JOINTS
E.L. &'ay

Ainevican Machinis |

- ACOUSTICAL ANALYSIS OF FILAMLT “OUND POLARIS CHAMBERS
A.T. Green et al

Bi-lionthly Prog. Report No. 3 Jan 196
Report No. 0672-01 Bli-3 : 73
| __ Aerojet General Corp.

ACOUSTICAL ANALYSIS OF FILAiliT WOUND POLANIS CHAMBERS
. A.T. Green,et al

Report No. 0672-0LF A ‘ Sept 1963
Aerojet General Corp. -

' Final report subnitted in fulfilluent of Contract NOw 62-1007¢. |

T=STING ADHSSIVe BONDuD huTAL SANDWICH STLUCIURES
i J. Grindrod '

Sheet Metal Industries - June 1955 |
! p Ahk _ |
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KoPORT O SPSCIAL lsiTING TO DISCUSS NDT FOR FILAAMH
WOUND FIB&RGLASS LOTOR CASuS

S.D. Hart

Th-221-1 Jan 1963
Naval Research Laboratory
Includes a report of D.C..rdnan on linear modulated Fi
pulsed wave vhich was capable of resolving flaws 1/4- to
3/8-in. below the surface. Also S.D.Hart's description of
a test in which local heatin: by hi-powered ultrasound,
which displayed a different acoustic impedance if imperfect-
ions existed with thermal proporties other than those of
the parts under test.

e e g

ULTRASONIC IHSPSCTION OF RuLiFORCSD PLASTICS AND RESIN
' CoRALIC COPOSITES

C.H. Hastings, et al

Jo Soc. NDT, Vol 19 No. 5 pp 340-346 Sept-Oct 1961
Several u/s explorations undertaien in the past two years

are retraced; two airrent u/s problems are nentioned, and

a general pattern of attacik for the il of subject materials
is discussed,

iote: See also report io. ;.-61—3, Avco Corp..

e g e s e o e e e e i

" CORONA AWD HICROWAVE MSTi:ODS FOR THi DiiiCTION OF VOIDS
IN GLASS~IPOXY STRUCTWR.S

J.A. Hendron, et al

Materials wvaluation pp 311-314 July 1964

U

THS SVALUATION OF LOWD - UALIYY Iif HEOHsYCULB PAN.LS USING
ULTRASOIIC SURFACS VAV TuCrilIqUuS

&.T. Hughes & i.B.Burstein

Je ‘Soc. NDT Vol 17, No.0 pp 373-377 Nov-Dec 1959
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STRATIY GAGIS ADHLSIV BOND Dot iINATION

Instruments-Control Sys. iagazine p 131 Jan 1965

.
|

A NONDsSTRUCTIVw TuST OF GLU. BOND UALITY

B.A. Jayme

Forest Products Journal Oct 1955

s
K
. f;'.*

ULTRASUNIC INSPLCTION OF ADHuSIVa BONDD ALULINUM
SANDULCH STuUCLURLS

C.C. Kamerer

ASTii STP-276 pp 47-51
Symposiwn on NDT in the lissile Industry

Application of Lamb wave tecinique to quality control insp-
ection of bonded honeycomb structural asscmblies. Describes
use of the Sperry reflecvoscope and Sonaiax _ir_l;pection unit.

e mom e o+ i e

LVALUAIION OF THa SPLARY (LiLuCiuSClPu, LANB WAVE ULTRASONIC
TaCriIcls FOR HUDLSTWCI Vo LiSraCiIon OF ALUMINUNM
SALDWICH AUHWSIV BUNDS

C. Kammerer
1AA/LAD Report No. CD=3704 B kay 1959

SONDASTWUCTIVe (UALITY TosST OF ADHuSIV. JUINTS BY IEANS
07 itwSONANCs MBASURWINTS

K. Kanamaru, et al

Kolloid-Seitschrift
Vol 170 pp 123-131 1960
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ADIESIVe BONDS TuSTwD ULTRASUNICALLY
We.d. Mller & V.H.Boruff
Adhesives Age, pp 32-35 June 1963

’ Described is an experinment to deterndne the reliability of

‘ certain portable u/s testin: devices; iie Fokker Bond Tester,
; CoindaScope and Stubmeter were found cupable of discriminating
! between standard aid substandaird vonds in metal-to-metal

bonds but vere less eflecL.ng, for honeycorbd .,ax:dmach panels.

EVALUATION OF ADHWSION BY ULTASCNIC VIERATIONS

S. hoses & R.K.Witt

Industrial ingrg Chemistry, Vol 41 iio. 10 Oct 1949

A direct, qualitative method for measuring adhesion of
- organic coat:.n"s to both metal ana : o'xmetal substrata is

described, using an electrodymamic system for producing
lonoltudmal u/s vibrations in a metal c,f.-_lnder.

ACOUSTIC TuC:ﬂJI\,,ULS FOR Thus LONDLS'LUCTIVA uVALUATION
OF ADHsSIVoLY BONDuD COLROSITe HATwWIALS

{ NnSA

NASA TM x-53219 ' '~ Mar 1965
Geo, C. ».arsnall Space Flizht Center

UNTURSUCHUNGEN UBZR DL Z. »)‘U..bm..u“u.u PIUFUNG VON
VMAHAJA:D-Mu{SrUFFuII AUS GLad iswir U0 suUnoTHARS I-IT ULTR-ASCHA.LL

- G. Niederstadt

NASA 163-14578 (DFL-192 ~Gerran) 1962

—
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STRAIN GAUGS FOR MEASUIL.LiT OF STmAINS TN ADHLSIVs BONDS
C.B. Norris, et al

ASTH Bulletin 218, pp 40-49 . Dec 1956
1.\ methoc.i is described for measurement of tensile strain
in a thin adhesive bond betiween metallic adherends, by
measuring the change in the electrical capacitance of

ULTRASONIC TuChiIGUwS FUR PLASTICS IS uCTION
J+B. Raméey
British Plastics, Vol 37, lio. 2 pp 63-67 1964

A survey of WDT methods that can be used on plastics, A
200 ke, CW system was used to detect disbonds through three
inches of rubber, Discusses feasibility of using similar
CW frequencies to obtain bonding information from the
opposite side of 4-3/4 in.-thick honeycomb panels.

SVALUATTON OF ULTRASONIC TuST DuVIC.S FOR INSPiCTION 0?

' ADHuSIV. BONDS

J.P. Reese, et al

SR 10911-1 (Qarterly Prog. ieport) Oct 1959
Martin Marietta Corp. ,

EVALUATION OF ULTRASONIC TwST DuViCu3 FOR INSPuCTION OF
ADH.SIVE BONDS :

J.P. Reese, et al

=R 10911-3 (warterly Prog. Report 3) kar 1960
l.artin dMarietta Co.

Note: See BORUFF for rep_qrtvsv-lo & =11,

o
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LVALUATION CF ULTRASOWIC TiST DuVICLS FOR INSPLSCTION OF
ADHESIV BONDS

J.P. Reese, et al

ER 10911-4 (Guarterly Prog. Report L) ' July 1960
Yartin larietta Co. i

e e

DT

L e e meemyeoes

Wote: See BORUFF for reports -10 & -1l.

SVALUATION OF ULTRASONIC TuST DuVIC.LS FOR INSPSCTION OF
ADHsSIVs BONDS

J.P. Recse, et al

IR 10911-6 {(Quarterly Prog. ieport 6) Dec 1960

lartin larietta Co.

Note: See BORUFF for reports ']LO& ~11.
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2uPOAT OF IHVESTT GATION O SUIDISTRUCTIVa TuSTS FOR
FOALwD-1il-rPLACE RuSILNS

Lo Hesnick

Proj. Repart No. 1, Lab Proj. 6193 : Sept 1961

natle. Lab., H.Y. aval Shipyurd

Ultrasonic technigues were among the six wethods used to
test foamed-in-place resins. It was found that the resin
failed to transmit the energy. 1 iic was the oparating
frequency and vat.r was used as the couplant. It was
believed timt the individual cells acted as flaws and
dissipated the energy. The method was rejected as 8
possible technique for NDT.

ULTRASGILC R..uO.u\..Cu TLSTING OF GLULD MuTAL JOINTS

J. Schijve ‘

Aireraft ingineering  pp 269-271 : Sept 1958
Desciribes a method af assessing the quality of adhesive bonded

structures using an u/s rcsonance apparatus norinally used
for thiclmess measurement s.

ANALYSIS OF A Pu0P0SsD AutiuSIV TiST

Re.ie Sherrer

latarials tes, & Stds. pp 125-131 Yar 1965
Presentation of a detalled theoretical analysis of a
proposed achesive test, to determine accurate values of

Youn's nodulus and m.dl.d stress of aanesives us:.ng a
sinple specimen and easily conducted test,
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__Joints using the Fokker bond Tester.,

ULTHAGUNIC TuSTING OF ADHuSIVL bullDS USING THu FOKIKLR
BOND TwSTeit :

D.F.Smith & C.V.Cagle

Paper presented at Soc. IDT, mar 16-20-1964
(inghes Aircraft Co.)

Procedures for fabricating test specimens and developing
correlation curves are described for both over-lap type and
honeycomd sandwich bonds. Data are presented showing the
statistical reh.aoxllty of the nondestructive predictions
__of bond strength. . B R

PROC.DINGS FOX ULTRASONIC TISTING OF ADHSSIVL BONDS
O.F. Smith

Hughes Proc. Spec. HP 6-24 Nov 1964
Hughes Aircraft Co '

Specification covering u/s I.UT of aured adhesive bonded

A HONDLSTHUCTIVE TuST FUl AJiiuSIVe =0LDLD JUINTS
V7. Thompson & A.T.Josling

AID Report No. W.¥,T.-1712 - Jan 1964
idnistry of Aviation, Harefield, “mgland

ADHLSION OF HIGH POLXEEP.S
R.M.Vasenin & W.C.Wake

 Adnesives Age, pp 18-35 lay 1965
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NOHIESTWUCTIVE TuSTS Pl LTuUCiUAL ADHLOIVAS !
C.T. Vincent : .

vlescon Proceedings
Vol 01, Part 09 pp 21-30 1957

ULTRASONIC SVALUATION OF STRUCIURAL ADH&SIVE BOWDS i
C.T, Vincent & J.S.Arnold

Nat. slectronics Conference 1958
Proc. Vol 14 pp 951-960

Dis VuLOPRSRT OF LiPROVeD ULL.ASUNIC BOXD INSPLCTION EQUIPIIT

Zeseds Vogel & O.ReGericle _ ~

AiRA TR 63-16 Oct 1963
vlatertowvm Arsenal : 1

‘The #Andings of a continuing project ... includes a des- i

cription of a small irmiersion tenk for lavoratory exper-
inmentation, an evaluation of certain focused iimersion
transducers, and & portrayal of bond flaws detected in
laminations of materials naving greatly dissimilar acoustical
properties.
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i 4
DT DoVULOPiHT FOR SuCOID STAG. POLARIS FILAILNT WOUND
STRUCTWR ZS :
R.3. Yymsnewski & F.G.Karchnak
Proc. 4th Annual Symposium on NDT of Alrcraft
& iissile Components, San sntonio, Texas 1963
pp 1R1-137
' Discussion of two methods crmloyed by Allecheny Ballistics
Laboratory in the routine NUY of filament wound pressure
vessels} a review of exisiing srall scale programs and plans
; for future work. .
|
)
]
!
!
1
!
]
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1;2:’ SOLID FUEL TESTING
£DT 00 SULID PulPulLANT #0CHoT :OTOXS

D.S. Dean

A iuscussion on the applicaion of u/s %o finding disbonds
‘beuween tae propellant and the heat resistant liner, and
between the liner and the mote casing. Radiolog.i.é;l means
of deteciing disbonds were also considered. Ultrasonic
nmethods considered incdluded the pulse-achio technique
Foidcer bond tester, and the ulira~sound imaze camera:

LXPSRIIHTS WITH A SOLIDPROPLLLANT ACOUSTIC OSCILLATOR

J.F. Engler | _
AIAL Journal, Vol 2 Wo. 7 pp 1279-8L July 1964

Direct measurancnt of the unvurnt lencth of the propellant
as a function of time was ;ads with a high frame rate motion
picture camera and a Vanguard analyzer. & typical experiment
is described in which acoustic oscillavions in pressure,
with frequencies of 1500 to 2000 cps and amplitude of 10 psi
are superimposed upon a slowly oscillating mean pressure of
noxzinal value 200 psia.

s

ADMITTANCE MSASUREMENTS OF SOLID PROPuLLANTS BY AN
ACOUSTIC OSCILLATOR TECHNIQUE

S.N. Foner, et al
AIAA Journal, Vol 2, No. 6 pp 11.23:-29 June 1964

An acoustic osclllator technique designed to study the
acoustic response of stable propellant systems is des-
cribed, The method developed uses an external saurce

of acoustic energy to excite the oscillations and affords

a direct means for measuring the margin of system stalility.
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DuV=LOP}ENT OF NDT TECHWIQUoS FOR LARGw SOLID PROPELLANT
ROCKST MOTORS
C. Harris !
UTC 2015-QP=-1 June 1962 '

United Tech. Center, Sunnyvale, Calif,

First quarterly report submitted for Contract AF 04(611)-8018. _ |

DoVALOPMENT OF NDT TwCHNIQUES FOR LARGE SOLID PROPELLANT
ROCK<T MOTORS

C. Harris

UTC 2015-QP-2 Sept 1962
United Tech, Center, Sunnyvale, Calif.

Second quarterly report submitted in fulfillment of

Contract AF 04(611)-8018.

D&VELOPMENT OF NDT TECHNIQUES FOR LARGs SOLID PROPELLANT
ROCKET MOTORS
C. Harris

Apr 1963
UTC 2015-FR .
United Tech. Center, Sunnyvale, Calif

' Final report, 1 June 1962 thru 31 Jan 1963

-

DEVELOPMENT OF NDT TECHNIQUSS FOR LARGE SOLID PROPELLANT
BOCKST MOTORS X

C. Harris

UTC 2015=}P=4 July 1962
United Tech. Center, Sunnyvale, Calif

letter report
Supplement to 17 Apr 1962 report; monthly
a‘\iﬁgxuvod for Contract AF 04'6115 8018,

h Vwaes
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DiVeLOPMENT OF NDT TECHNIQUES FOR LARGE SOLID PROPELLANT
ROCKsT MOTORS

C. Harris

UTC 2015-FR Supplement hug 1963
United Tech, Center, Sunnyvale, Calif

Supplement to final report mbmitted for Contract AF 04(611)-

L__"P’:._ e

WHAT TO EXPECT FROM ULTRASONICS IN TESTING SOLID PROPELLANT
ROCKET MOTCRS

R.E. Klient & R.D.McCown
Adrcraft & Missiles, Vol 3 pp 30-33 May 1960

-

e

APPLICATION OF ULTRASONICS TO SOLID ROCKET SYSTEMS
R.E. _Kleint, ot al

WADD TR 60-553 Oct 1960
Automation Industries, Danbury, Conn.

Applicability of u/s inspection techniques to solid rocket
(fuel) motors is investigated. Various pulse-echo and

, through-~transmission techniques were utilized to determine
' optimum cnditions for detecting defects and displaying

' them on both cathode ray image and C-scan facsimile paper

recordings,

THS NDT OF FILAMENT \OUND CONTAINGRS

E " M.E. liebman, et al

Proc. 4th Annual Symposium on NDT of A/C and Miassle
Components, San Antonio, Texas 1963

pp 139-151

.3
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FEASIBILITY STUDY TO DETERMING WHETH:R ULTRASONIC

TECHNIQUES
CAN Bu UScD TO MEASURE MiCHANICAL PROP-RTIES OF CAST POL%*
URLTHANSS INTENDSD FOR APPLICATION AS SOLID PROPSLLANT EINDERS.

'H.E_. Van Valkenburg, et al

ASD-TDR~-62-886 . ' R
Sperry Products, Danbury, Conn. uly 1963

'43. BRAZED BONDS
BRAZING TITANIUM SANDWICH

Aircraft & Miassiles, pp 22-24 | Nov 1959

|

SVALUATION OF PULSE ECHO ULTRASONIC INSPSCTION TECHNIQUES
FOR DET:tRMINING THS FILIET BASS WIDTH DIMcNSION OF CORB
TO FACEZ FILLETS ON BRAZED HONEYCOMB STRUCTURES

R. Anderson

NAA/LAD Report No, GD-3743  100ct1960. |

- v———

PRSLIMINARY EVALUATION OF THe (OINDA-SCOPE FOR THE NONe
DESTRUCTIVE INSPECTION OF STAINLA-SS STEZL BRAZED HONEYCOMB

STRUCTURES

. R. Anderson ‘
. NAA/LAD Report No, CD-3738 _ 1, Oct 1960

: ULTRASONIC EVALUATION OF BRAZED HONEYCOMB STRUCTIRES WITH
TAPERED FACING SI‘EETS

R.E. Anderson
NAA/LAD Report No. CD-3728 July 1960
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PRODUCTION TESTING OF BONDsD MATmRIALS WITH ULTRASONICS
G.B. Baumeister ‘

: ASTM Bulletin 204, pp 50-53 Feb 1955
}
| Data correlating the various parameters with the extent of
unbonded area, and typical industrial applications of '

ultrasonics for the detection of lack of bond are presented, |

;_____.__ ] _

FLUOROSCOPY PROVES FAST METHOD IN CHuCKING HON:YCOMB PANELS

' W.R. Bear & W.S.Diehl

Iron Age, pp 106-108 7 May 1959

A e e

3 - ) »‘ '.(“
DETECTION OF HONEYCOMB PANEL IISBONDS ADJACENT TO
ACCESSIBLE FACING SHEET SURFACE

R.J. Botsce
NAA/LAD Report No, CD=3795 ' 10 Feb 1964 -

' IN-MOTION PARAMSTERS FOR APPLICATLON IN THE NONDESTRUCTIVE
) TESTING OF BRAZED HONEYCOMB STRUCTURES ,

G. Boyce, et al

NAA/LAD Report No. CD-3739 _June 1961

e s o e e+ et e i

DEVALOPIINT OF ULTRASONIC T:CHNIQUES FOR THE KVALUATION
! OF BRAZED JOINTS

K.V. Cook, et al

-J. Welding Research Supplement ' Sept 1962
Vol i1, No. 9 pp 4045-89

Lamb wave technique vs ringing and contact-resonant ultre-
sonic techniques and their application to evaluation of
various types of bragzed Joints,

- e e e e

b .
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QUALITATIVE ANALYSIS OF BRAZsD SANDAICH
F.Je Mippi
Jo NDT  pp39-k5 | Jan-Feb 1959 __

]
i
|

o
]
'

ULTRASONICS IN BRAZE INSPECTION

P. Goddes

Aircraft/Missiles Manuf, pp l4=~16 Sept 1959

Pulse echo techniques, using a focused beam, show braze

.~ integrity of thin stainless sandwich; equipment givea immed-
_iate, permanent record of tests. - ——
' INSPECTLON OF BRAZED HONEYCO#B BY LOW FREQUENCY VIERATION

D.G. Graves

NAA/LAD Report No. CD-3000 ' Apr 1964

fom e

SONIC ELECTROMAGNZETIC INSPEC'E[ ON ISTHOD FOR ATTACHMENT
OF BRAZED HONEYCOMB

D.B. Graves

1‘ NAA/LAD Report No, CD-3801 24, Apr 1964

INVESTIGATION OF ULTRASONIC C-SCAN RiCORDING OF LAP
BRAZED JOINTS :

D.J. Hagemaier
NAA/Rocketdyne Lab Report No. RD 62-4 15 June 1962
Discontinuities visually apparent in fractured braze joints

showed good correlation with the C~scan facsimile recording ‘
provided test paramsters were established at controlled

gensitivity levels.

1k




"~ NA-65-813

ESTABLISHM:NT OF A PROCESS SPE
ADHLSIVE BONDED JOINTS FIFIGKELON FOR Mo oF

Bughes Aircraft Co,
Report No. B~65-7 1965

Technical discussion of a proposal to conduct tests and
prepare test specifications for use of the Fokker Bond
| Tester, using approximately 6 adhesives » both coupon A :
| shear and tesile tests, and HCP tensile tests with correle
i ation to bond‘ quality,

!

THE SURFACE TENSION METHOD OF VISUALLY INSPE
HONEYCOMB SANDWICH PLATES orG.

S. Katgoff

¢ Jo NDT pp 114-118 ‘ ' Mar-Aor 1960

IS L S

NDT EVALUATION OF VACUUM BRAZsSD SUPER-ALLOY AND REFRACTORY
HONEYCOMB SANDWICH PANELS

W.J. Kneval
The Martin Company, Baltimore, Md.

{ This paper describes the problems peculiar to the brazing
| techniqus and presents several NDT for verification of

“ panel quality_.

' SVALUATION AND CORRELATION OF NDT MITHODS FOR BRAZED
HONEYCOMB, Part Ce | | )

L]
J . LN

| B. Lauchner & D.F.Hays | |
| NAA/LAD PDL Report No. CD-3692-C 22 Sep 1959

Part C, Investigation of the Bondcheck BC-2 fluid repulsion

paint method,

142




NMA-65-813

- TaST MAY BROADEN HONEYCOMB USE
Steel Magazine *#

‘Msgnaflux Corp. Reprint,Bulletin BK-2 May 1960

By use of thermographic fluid, panels as large as 5 x 10 £t
are inspscted at a rate of 1600 sq ft an hour.

*Stedl Magazine, Vol 146  pp 134136, 23 May 1960

«.A SIMPLE TSST FOR OFEN FACE HONEYCOMB o r

Steel Magazine, Vol 148, p-132 13 Mar 1961

TESTING GERAMIC-METAL ERAZES
J.P. Sterry

—

"4, DIFFESION BONDS | |
ULTRASONIC EXAMINATION OF IEAD-STESL BONDING

J. Metal Progress, Vol 79 No.6 pp 109-111  June 1961

N

| Ean Bocm ] .
Sperry Pro;incts Reprint 50-882 | Jan 1958

e s S,

Procedure for the use of the Sperry UR Reflectoscope far
the u/s examination of lead-steel bonding.

ULTRASONIC CONTROL OF TH: ADH&SION OF BABBIT TO THE PAGE
OF StCTIONAL BUSHIS AND LARGE HEARINGS

L.M. Iablonik

s At

Zavodskaya Laboratoriya, Vol 24 pp 181-183 Feb 1958
(English translation) '

o ol W W W W

i inspection of babbit lined components; results indicate
! the method is capable of detecting disbonds,

Review and test of the uss of the u/s deflectoscope for

..
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| 45. WELDING

WELD INSPECTOR SEES WITH SOURD

L. J. Adans

Steel
Reprint No. 50-884 ' December 5, 1955

! Use of Speery Reflectoscope for inspection of
1 1080 s pe of welded SAE

e e

ULTRASONIC WELD INSPECTION

J. E. Bobbin
§ : :
i Sperry Products ‘ A
‘ Reprint No. 50-883 _ _ 1959
‘ Theory and practices concerning application of U/S techniquel r

: to_weld inspection.

John E. Bobbin ,
FOP | May - June 1960
Pp 200-202 | S

|

[

i
.\; U/S WELD INSPECTION - A STATUS REPORT
{ '

q

!

Discussion of the factors related to varioﬁo proposed K
. specifications and reference test plates. , :
i

e e+ awe— —m— e s =

j .

/8 WELD INSPECTION: AT WORK
John E. Bobbin

U/s Nevs | Spring1960
pp 7-10 '

Discussion of practices technigues and results in the
application of ultrasonics to weld inspection.
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INVESTIGATION TO DETLRIMING FILLET BASs LiG DIMENSIONS FROM
INDICATIONS PRODUCED BY BONDCHECK BC-3, ULTRASONIC, AND
X-RAY INSPiCTION METHODS

.E.A. Lauchner

NAA/IAD Lab Memo No. Fi 11-9-3 Nov 1959

{

NSW SPRAY AND HEAT PROCESS SPOTS FLAWS IN HONEYCOMB
Magnaflux Corpe.

_Iron Age Reprint, Bulletin BK-l - Feb 1960

EVALUATION OF BRAZED HONESYCOWB STRUCTURES
R.C. McMaster, et al

WADD TR 60-393 Sept 1960
Ohio State University

Final report on Contract No. AF33(616)-6364, summarizing
results of a one year study of NDT methods for examination

. of brazed end welded joints in complax shapes.

: |
SUMMARY OF TH& SNP SYMPOSIUM ON STAINLESS STEEL B
HONEYCOMB STRUCTURES '

~ .

PR T

R.C. NcMaster

Jo NDT pp 263-269 Sept-Oct 1959

NEW NONDESTRUCTIVE TEST FINDS FLAWS FAST IN HONEYCOMB
SANDWICH PANELS |

Metalworking Magazine, Vol 18 pp 35-36 Feb 1960

ST et e o
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NoW NONDESTRUCTIVE TEST FINDS FLAWS FAST IN HONEYCOMB
SANDWICH PANEIS

Metalworking Magazine, Vol 18 pp 35-36 Feb 1960

A method of testing honeycomb panels for defaremed cores,
lack of braze, excessive braze, etc. consists of coating e
panel with a heat-affected fluid, heating ths panel so the
core partitions act as heat sinks, allowing panel to s

and observing resultant patterns. Inspsction of a 10 x 20 ft
panel can be accomplished in approx 7 minutes.

1
i

VIDIGAGE MEASUREMENT OF FACING SHEST THICKNESS ON ERAZED .
HONEYCOMB PANELS .

J. Naughton
NAA/LAD PDL Lab Memo No. NF-2-3-1 Feb 1963

ULTRASONIC INSPSCTION OF BRAZ=D HONEYCOMB
J. Naughton
NAA/LAD QC Specification 1Q 0501-012 14 Mar 1962

b e e

{ .
l .
: PReLIMINARY INVESTIGATION 10 DoTiRMINE FILLET BASE LEG
DIMENSION FROM INDICATIONS PRODUCED BY BONDCHECK BC-2,

ULTRASONIC, AND X-RAY INSPoCTION MSTHODS
W.J. Paul

LS SRR

NAA/LAD PDL Lab Mémo No. F& 10-9-6 23 Oct 1959

e o e e e

i

‘ CONTINUATION OF INVmSTIGATION TO DZTuRMINE FILLET BASE 1EG
DIMeNSION FROM INIX CATIONS PROIUCLD BY BONDCHuCK PROCESS
UTILIZING TH: BC-4 FLUID,AND COMPARISON WITH ULTRASONIC
AND X-RAY INSPECTION MSTHODS

W- J . P “11 ’ N
NAA/LAD PDL Lab Memo No. Fe-11-9-1 Nov 1959
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EVALUATION REPORT OF EUROPEAN TECHNIQUES ON NON-DESTRUCTIVE
TESTING AND WELDING MANUFACTURING PROCESSES

- K. M. Boekamp

Report No. GDA63-0304 ' May 1963
General Dyna.mics/Astronautics

Description of NDT techniques and process in use in ‘
European countries. ] L

OPERATING MANUAL FOR THE ULTRASONIC ANALYSIS OF PLUG WELDS

-R. J. Botsco

NAA/LAD . PDL Report CD-3790 6 Februayy 1964

"EELTRAZVYYKOVOY KONTROL KAGESTRA KONTAKTNOY TOGEGNOY
Y GOVNOY SVARKY"

C. T. Hazarov and G. P. Panov

Phyzyskye Metodl Yssledovanyr :
Fo. 10 pp 1214-1217 _ 1958

THE INFLUENCE OF MICROSTRUCTURE ON THE U/S EXAMINATION OF
STAINLESS STEEL WELDS

E. Holmes and D. Beasley

J. Iron and Steel | : April 1962
pp 283-290

The separate difficulties encountered in U. S inspection of
austenitic steel welds are defined, a2rd where possible,
accounted for in terms of metallurgical structure.

CAT: 4S
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TEE INFLUENCE OF MICROSTRUCTURE IN THE U
S
EXAMINATION OF STAINLESS STEEL WELDS /

E. Bolmes and D. Beasley .

J. Iron & Steel Inst (London)
A
Vol 200 pp 283-90 pril 1962

The difficulties encountered in U/S inspection of austenitic
steel welds are defined and, where possible, accounted for in
_f.erms ‘of the metallurgical structure.. »

U/S WELD TESTING IN EUROPE, & THE ATTITUDE OF
- TECENICAL CONTROL AUTECRITIES

Dr. J. Krautkramer

NDT September-October
pp 319-32k : 1962 L

TESTING OF WELDED SEAMS IN BOILER CONSTRUCTION, ESPECIALLY
CIRCUMFERENTIAL SEAMS BELOW 4 IN. DIAMETER L

H. Krautkramer
Brit. Weld. J1 V. 11 Fo. 12 A December 196k

Description of an U/S testing & recording system uséd for
testing welded seams.

- - — T T e ———

'ARE STANDARDS OR CODES PRACRICAL FOR U/S EXAMINATIONS OF METAL
AND WELDMENTS ' :

!

Frank C. Parker

U/S News . ' July-August 1958
pp 12-16

Discussion of pressure vessel and machinery failures resulting
from inadequate inspection, and preventative measures possible
through application of periodic U/S inspection.
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U/S WELDMENT mSPECTIONS CURRENTLY IN USE
Frank C. Parker

NDP |
pp 387-393 NOVQ-kCQ 1%2
Purposes and advantages
ges gained from use of ultrasonie
Piping and pressure vessel inspection are enumerated; 'eggfpment

accessories and typical oscil
are presented. lograph patterns of wvelding flaws

U/S EXAMINATION OF WELDMENTS & THE ESTABLISHMENT OF SAFE
ACCEPTABLE LIMITS FOR DEFECTS

Frank C. Parker

NDT - o January 1953
PP 12-20 _ . _

A review of & variety of defects discovered by means of
*  U/S inspection and a discussion of present and future
' standards for U/S inspection. o

i e e -

e e e 1 e e - =

U/S INSPECTION OF WELDS ON LARGE COMPONENTS

B. M, i’etrov, et al

Zavodskaya Laboratoriya November 1960

pp 1425-28 (English)

Development of & method for est‘b}ishing a list of standard
n U/S

defects for use as standarde 1 inspection of welds.

[ Aot
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VETEODS T0 DETERMIE TEST PARANZTZRS FCR ULTRASCNIC TISPECTION
OF WELDS :

Rocketdyne
Process Specification No. RAOL15-126 July 1964
Specification containing mathematicel and schematic proof

and procedures to determine test parameters for U/S
inspection of welded joints.

MANUAL ULTRASONIC INSPECTION OF FUSION WELDS
Rocketdyne

Process Specification No. RAO115-127 June 1964
Specification covering details and requirements for manual

U/S testing of complete penetration and fillet fusion welds,
for plate thickness over 3/16 inch.

U/S INSPECTION OF SUBMARINE STEEL WELDMENTS
N. A, Sinclair and M. M. Nanda

NDT : . Jan.-Feb. 1961
pp 58-64

Results of a laboratory investigation to develop U/S inspection
techniques for butt weldients in ship plate are presented.

Attempts were made to establish tenative acceptance’ standards -
which would be approx. equivalent to standards established for
radiographic inspection. |
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W2lD INSPECTION BY ULTRASONIC WAVES

A. De Sterke

Materials Evaluation January 1964
pp 18-25 '

The use of ultrasonics for examination of welds in plates over
2 inches thickness, and inspection of T-joint welds is reviewed.
Equipment calibration and use of standard reference blocks is
discussed.

TNSPECTION OF WELDS BY MEANS OF ULTRASONICS
A. De Sterke

J. Soe NDT Vol 15 No. § Sept.-0Oct. 1957
Pp 305-307 :

ULTRASONIC WELD INSPECTION

The Welding Engineer (magazine)

Sperfx Products Reprint No. 50-885 May 1949

Application of the Reflectoscope to seld inspection and

v e L5

comparison of results with radiographs.

151



NA-65-813
4L6. PIPES AND TUBES

ULTRASCIIC LiSPECTION SPZZDS TRIVE-TUBING CUTPUT

leo Adanms

American Machinist September 12, 1955
pp 13L-136 |

Description of an ultrasonic inspecticn setup built in line
with a resistance-weld tube mill.

U/$ PULSE-ECEO TECHNIQUES FOR EVALUATING THICKNESS,

BONDIIG & CORROSION .

Doneld Erdman )
: Jo SOC NDI' v. 18 NOO 6 NOV.-mC- 1960
i _ pp k08-410 o - i

CONTINUOUS AND COMPLETE TESTI?G OF TUBES

Engineering Magazine 19 June 1964
pp 845-846

l
‘ w
Description of a method developzd to provide continuous l
U/S inspection of tubes together with a means for recording |
thickness, diameter and laminations. I

|

ULTRASONIC INSPECRIONS OF HILICALLY WELIZD PIPES
H. Fuss ’

Enzineer's Digest March 196k
Vol 25 No. 3 pp 97-98

Application of U/S test method, using multiplé transducers,
to inspection of helically welded pipes.
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NONDESTRUCTIVE INSPECTION OF STEZ=L TUBULAR PRODUCTS
E. B. Eenry

Sperry Products Company Reprint 50-810
ISA Proceedings, Pittsburg Section, 1950 Conference) 1960

Description of ultrasonic contact erd water immersion inspection

units used for inspection of electrical resistance welded pressure
~ tubing.

AUTOMATIC U/S INSPECTION OF RESISTANCZ WELDED QUBES
R. Gerstner

Material pruf 1964
~ pp 320-322 Vol. 6 No. 9 . T IR S |

(4

TUBE TESTING

Light Metal Age (magazine) June 1960

Description of an eddy current rethod used to inspes? tubing.

NONDESTRUCTIVE INSPECTION OF ELECTRIC RﬁSISTANCE WELDED PIFE
T. Manis and W. M. Smith
Sperry Products Reprint 50-812 l960

(ISA Proceedings, Pittsburg Section,
1960 Conference)

Mechanical arrangerxent used in U/S inspaction of pipe’is
discussed in detail; the methed Is corsidercd unique in
tkat any movement of the pipe ;ag;?g ?9}19Y?§i.ww

UTTRASONIC IINSPECTION OF LANDIG ZAR OR OTHER
CYLIL/DRICALLY SHAPED METAL PRODUCTS
R. D. McKown

Automation Industries, Inc. Reprint 50-841
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ULTRASCHIC INSPECTION OF BRAZED PIFPE JOINTS

M. M. Nanda, et al

Mzterizls Eveluation July 1964

pp 315-320 '

U/S inspection results of 5z brazed specimens were compared
with those of visual inspection of peeled joints to determine
accuracy of inspection procedures. The inspection process

vas accurate to approximately plus or minus 15% of true bonding
of the joint. ’

DEVELOPYENT OF RADIOISOTOPT IXPOSURZ DIVICES FOR INSPECTION
OF BRAZED JOINTS IN SMALL DIAME(ER TUBES

C. W. Phillips

NAA/LAD PDL Report CD-3805 June 1964

BACKTNG RING ELIMINATION PIRLITS ULTRASONIC TESTING AND
AVOIDS CRACKING AT PIPING WZilDS

W. A. Pollock

Velding Journal October 1955
(Sperry Reprint 50-888)

Description of welding teclnicue developed to eliminate use of
backing rings for pipe welds & the Cok Creek Power Plant, and
the U/S test method subsequently edapted.
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NONDESTRUCTIVE TESTS OF COMPOIENTS OF EBR-I, CORE IV
R. H. Selner, et al

ANL-6632 October 1963 §
Argonne National Laboratory '

Use of U/S and eddy current testing methods for reactor core
components.

[P ORI SO

ULTRASONIC LNSPECTION OF TUBING OR PIPE
Rocketdyne

Process Specification No. RAO115-124 April 1964
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5. U/S APPLICATION TO QC ' ' .

4

|51. MISCEZLIANEOUS DEFECTS

! ULTRASONIC TESTING OF MATERIAL FOR NUCLEAR COMPONENTS
} F. W. Armstrong

J. NDE Nov.-Dec. 1957
pp 342-345

Discussion concerning use of conventional U/S techniques for
' testing solid metallic materials.

o o e e e o it

) THE EFFECT OF FABRICATION ON IICLUSION 'I'YP“ DEFECTS AND THEIR

! U/S RESPONSE

|

' G. J. Binczewski

; _ o

~ J. NDT Vol 18 ‘ March-April 1960

| pp 93-98 - | |

" Known kinds of inclusion type defects which might occur in
aluminum vere investigated and their specific behavior during
various stages of fabrication were evaluated ultrasonically

" and radiog.aphically.

USE OF ULTRASONICS FOR THE DETECTION OF SURFACE DISCONTINUITIES

J. E. Bobbin

!
\
!
{
|
|
? Branson Instruments, U/S Testing Div. June 1961
\ Stanford, Conn.

!

General discussion of the t}*eory and technique of U/S inspection.

U/$ FLAW DETECTION

D. G. Christie

British Power Engineering September 1961
Vol 3 No. 4 PP 34-39 .

Principles urnderlying flaw detection measurements 'by the pulse
echo technique are presented in detail.

!
j .
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ULTRASONIC FLAW DETECTION
| Comrerce Department (CAA)

Quality Control Digest No. 3 | November 1958.
Government Printing Office

; A digest presenting basic operating theories and procedures
used in U/S flaw inspection and in evaluating U/S flaw
detection techniques.

T

PRESENT & FUTURE APELICATIONS OF ULTRASONICS IN BIOMEDICINE
Williem J. Fry , _

Proceedings of the IRE May 1962

* pp 1393-1404

.

e —— e e

o

| U/8 METHODS FOR NEAR-SURFACE FLAW DETECTION

Otto R. Cericke |
J. NDT ' o . Sept.-Oct. 1961

- pp 335-338
- Note: Also appears in Applied Mech Rev. #6409
. PP 5,335-338 - 9-10/61

" A report of an investigation of pulse-delay techniques and
the development of imethods for practical dpplications.

4

! e ——
N

U/s INSPECTION OF REFRASIL BILLETS

D.J. Eaéem:ler |
/ OL MFR 2-252-19 27 September 1962 |
NAA/RD T -252-

o
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'} J. NDT Nov.-Dec. 1960

| Conventional U/s techniques are applied to the inspection of

Flight International T March 1963
i_ {English public.)
2

|

!

: o

| THE ULTRASONIC TESTING OF B.66 COMPRESSOR BLADES s E
z

{

i

 Alrcraft Higineerin | October 1963
- (English Public.)

: Ufilization of the ultrasonoscope and Rayleigh wave mode

THE IMPORTANCE OF ULTRASONICS IN THE INSPECTION OF THE CONVAIR . |
880 NAD 600 JET LINERS |

A. K. Hammer

(Comment: Solid metallic materials and conventional techniques)

801id metallic materials used in aircraft manufacture._

SRS
e ————

ULTRASONIC TESTING AND FLIGHT SAFETY

Harris and B. Maddox

. Harris and B. Maddox

detect fatigue cracks in compressor blades. ‘

U/S DETERMINATION OF SIZE OF FLAWS

J. Krautkramer

Archiv Sur des Eisenhuttenvesen November 1959 !‘
Vol 30 pp 693-703
(Gexman) '

-
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“ULTRASONICS I COMMUNICATIONS & PRODUCTION [
Warren P. Mason
‘ Electronics
pp 33-39 October 18, 1963
A survey of ultrasonic techniques was presented. Included were
 sonar, inspection devices, delay -lines, filters, h:lgh amplitude
applications and transducers.
NONDESTRUCTIVE TESTING INSPECTION - PYROLYTIC GRAPHITE ‘
L. 8. Mc@ollum
MRI 228.05
Lockheed Missiles and Space Company June 1962
Final report descridbing methods used and basic concepts ,
: related to apparatus and techniques, including representative
Lstudies of some.specimens.
' ULTRASONIC METHOD OF TIRE mSPECTION ' |
W. E. Morris, et al v
The Review ofiScientific Instruments December 1952
pp T29-T34 ,
Principles of detecting internal defects in tires by
attenuation of transmitted U/S waves is discussed. Equipment
used- for tire inspection is described.
|
THE NONDESTRUCTIVE MEASUREMENTS OF SURFACE CONNECTED
DISCONTINUITIES
W. Le Shel‘GOn !
. : , i
NASA Report N 63 82173 |
;
A review of work in process concerning the application of the ,
penetrant inspection process. ‘
: L
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~ULTRASONICS T [

- Steel (megazine) September 28, 1964 ‘
pp 80-81

A brief review of various applications of ultrasonics by i
different companies. ‘

NONDESTRUCTIVE TESTING OF ROCKET COMPONENTS USING MICROWAVES
AND LOW-FREQUERCY ULMSONICS

R. C. Stinebring and R. H. Harrison
Supervisor of NDT, Atlantic Research:Corp.
Alexandria, Va.

NASA Report X64-12032
(Classified report)

" Microwave treatment good, capable of determining adequate cure
itime, aging effects, some defects. Sonoseismic tests used

| through transmission, with Branson Inst. and magnetostrictive
ltransducer, same propetrties checked as above, fair correlation.

A

b ULTRASONIC: FLAW DETECTION IN THE AIRCRAFT INDUSTRY
t

!
H. Tyrer and D. C. Hollamby
i

Ultrasonics Oct,~-Dec.- 1963

pp 211-219

‘Article concerning aspects of technique and standardization
' in U/8 flav detection.

U/S INSPECTION OF TURBINE & COMPRESSOR ROTOR BLADES FOR
CRACKS AND OTHER FLAWS

Jens Gert Rasmussen

J. NDT May-June 1958
pp 228-236 ,.
This paper describes the use of surface wave techniques for |

rotor blade inspection. Basic principles for probe construction
and information about the U/S equipment used is presented ,
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'52. CORROSION

 MEASURING CORROSION WITH U/S GAGES

| Corrosion Technology | March 1961
Vol 8 pp 81-8 . :

~ Article describing use Visigauge and U/S thickness gauge.

A NEW WAY TO MEASURE U/S CAVITATION INTENSITY .
Henry A. Goldsmith and R. C., Beim

Metals Engineering Quartérly February 1962

I A new method is described for evaluating the intensity of

| cavitation in an u/s processing tank. Basis of the evaluation
" 18 the ability of U/S cavitation to depolarize electrodes

i in galvanic or electrolytic cells. -

b - ——— e ———— e e ot i s e s 1

| U/ S DETECTION OF INTERCRYSTALLINE CORROSION
N. V. Khimchenko and V. N, Prykhod'ho |

Zavodskiya Laboratoriya Vol. 1 1962
- pp 69-T1 (English) : |

Article concerns use of shear waves to reveal the initial stages
of intercrystalline corrosion in metal components, and the

depth of corrosion in samples which have undergone standard tests
for corrosion tendency, by means of U/S surface waves.

AN EDDY CURRENT GAUGE FOR MEASURING ALUMINUM CORROSION

8. Méﬁ., et al

.J’ . Corrosion August 1963
Vol 1g Fo. 8 pp 269t-2Tit —

A modified version of Doe's gauge is described, and operation
and illustrative data are presented. ' ) |
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NONDESTRUCTIVE FLAW AND CORRCSION TESTER

Process Control & Automation May 1959
Vol 6 No S pp 213-15

A description of the operation and application of the

Introview N/D Flaw and Corrosion tester manufactured ’
under license and marketed by the Sperry Gyroscope Co. : :

R,

| J. B. Ramsey

Automation Industries OM-1b-81L4554
: (NASA facsimile No. N63 10084)

! DEVELOPMENT OF ULTRASONIC INSPECTION TECENIQUES AND EQUIPMENT
' TO RESOLVE CORROSION CONDITIONS IN NAVY AIRCRAFT

". Report describing use of standard available equipment, and the
" results of investigations to develop U/S inspection equipment
and techniques for determining corrosion condition in Navy aircraft,

NONDESTRUCTIVE TEST METHODS FOR CORROSION DETECTION

¢. E. Lautzenheiser
Materials Protection 2(1963):8, 72, Th=76

162




NA-65-813

53. FORGINGS
U/s INSPECTION OF LIQUIE PROPELLANT ROCKET MOTOR COMPONENTS
' R."E. Kleint & C. M. Johnson

J. m \o1 ' Nov.-Dec. 1961
Pp - ' :

The need for further development of U/S standards is discuesed.
{ I1lustrations of problems, and their solutions, based on

. consideration of sonic properties are illustrated.

U/S TESTING BY SONIC IRRADIATION AND IMPULSE ECHO METHOD

| H. Krainer and E. Krainer

Arch. Eisenhuttenw Vol. 24 May = June 1953
p 229 - 36 .
| (German)

|
;" DETERMINATION OB DEFECT SIZE IN FORGINGS BY MEANS OF
{ ULTRASONICS

|

' Paul Opel and Gunther Ivens

Archiv Fur Das Eisenhuttenwesen, Vol 33 No 5 _
p 311-316 May 1962
(German)

'

(- RN

U/s INSPECTION - TOOL FOR DETERMINING QUALITY

J. B, mrs&n

Tooling and Prod. Mag. September 1965

PP 188, 193, 197

e/

Use of U/ £ion methods for QC of high grade steel stock.

[a]
S inspsction
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A TECHNIQUE FOR U/S:TESTING LARGE FORGINGS WITH RELATIVELY
THIN WALL SECTIONS

Gilbert E. Ronca

J. NDT v ,  May - June 1960
| PP 191-192

]
.. S

! INFLUENCE OF GEOMETRY UPON AN U/s DEFECT SIZE DETERMINATION g
! IN LARGE ROTOR FORGINGS -

' Steven Sersblan

’ J. NDT , July - August 1956
! PP 18-21

r

!

- s e e e e s e

THE TESTING IN SITU OF JET ENGINE COMPRESSOR BLADES ’ |

Ultrasonoscope Co. ‘ !

| Application Report 1963
| AR 90

INVESTIGATIONS ON THE MEASUREMENT OF SOUND ATTENUATION AND ‘
U/S DETERMINATION OF DEFECT SIZE

W. Knorr and H. G. Ricken

‘ ! Archiv Fur das Eisenhattenwesen 1962
Vol 33 No 5 pp 317-25 :
(German)
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® |

: Part II: Extending the use of this technique to metal

5k, CASTINGS AND INGOTS

_emphasized. » l
§
|

(RIS

ULTRASONIC TECHNIQUES FOR THE NONDESTRUCTIVE ED(AMINATION
OF CAST ALLOYS

C. J. Abrahams and J. D. Lavender

The British Foundryman _ - February 1965
pp 66-73 ,

The detection of specific casting defects is 1llustrated and ‘

the importance of the selection and training of operators is

SONIC TESTING OF METAL COMPONENTS PT. I & II
E. G. Fuller

Metal Industry Vol 130 No. T

. August 16, 1963
pp 220-222 ‘

Pa.rt I: Resonant frequency measurements to evaluate the
properties of castings.

sorting and flaw detection.

- e s e e

EVALUATION OF SURFACE DEFECTS BY NDT
W. A. Black

Blast Furnace and Steel Plant Magazine May 1960
Vol 48 pp 459-66

e e
[T

T ' IMPORTANCE DES DEFAUTS DANS
TRUTION A L'ESTIMATION DE L .
gglngRODUITS SIDERURGIQUES PAR L'EXAMEN AUX ULTRA-SONS

S Y

: i
M. Ferrero end P. Ravizig |

1 f
Revue de Metallurgie May 962 |

p LU45-450
fFrench
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ANGMALIES IN TEE U/S INSPECTION OF STEEL

W..C. Barmon

o 105188 Moy - June 1963
1‘ .

Discussion concerning reasons for caution in adopting rigid
specifications and stendards for the U/S inspection of steels._

SO

THE NEED FOR COSTOMER-SUPPLIER GROUND RULES:
u/s INSPECTED QUALITY OF 4130 & 4340 STEEL

! Daniei E. O'Halloran

- J. ;«1871'30 | Jan.-Feb. 1963
;. PP e0- o

QUALITY CONTROL IN THE FOUNDRY BY ULTRASONICS

{

I J.A.F. Jarvis
| Progress in Applied Materials Research Vol. IV pp 1u48-1T1
' Gordon & Breach, Science Pubs. Inc. N. Y. 1964 |

SOME PRACTICAL APPLICATIONS OF THE ULTRASONIC EXAMINATION OF
STEEL CASTINGS

J. D. Lavender ' !

Journal BSCRA No. 59 April 1961

e e e

'SONIC SYSTEM SPOTS STEEL INCLUSIONS

Mill & Factory (magazine) May 1965

pp 13

e e . U AU AP -

lL_L
v
i
‘l
t
4
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USE OF NATURAL RESONANCE TO EVALUATE STRUCTURE TREN
. OF CASTINGS TRUC AD STRENGTH

Production Technology (magazine) A
PP 192-194 Hguat 1963

, Article concerning the use of ‘-natural resonance to evaluate
structure and strength of castings.

| NATURAL FREQUENCIES OF VIBRATION OF FIXED~FIXED SANDWICH BEAMS

M. E. Raville, et al

' J. Appl. Mechanics . , September 12§1
e Tra.nl. m . '
| pp 367-3T0

! Tne prabled of the determination of the natural frequencies of
i vibration of fixed-fixed sandwich beams is analyzed by an

! energy approach in which the lagrangian multiplier method is

" utilized to satisfy the boundary conditions of the problem

. s ey

USE OF THE BEAM DEFLECTOR TO U/S TEST BRONZE CASTINGS
John C. Smack

sowe. March-April 1959
rp 85-67 '

‘;'A test problem is described which shows a solution for immersed
‘ U/S testing of a casting from the center hole, using a new
type transducer for close-up immersed testing in confined areas.

ARSENAL DOUBLE CHECKS X-RAY WITH ULTRASONICS

Steel (Magazine) ' : .




NA-65-813

i

- pp 1128-29

55. WROUGHT PRODUCTS

U/S TESTING OF TUNGSTEN AND MOLYBDENUM PRODUCTS

’ H.'J. BOOBB

Metal Vol 13 No 12 (Germean) December 1959

ULTRASONIC INSPECTION OF BAYNES 25 BALL BEARINGS
A. E. Browvn and H. L. Dunegan

Materials Evaluation . January 1965
pp 46-U4T

A NEW SEARCE TECHNIQUE FOR U/S INSPECTION OF SHEET STEEL
L. C. Cardinal and S. D. Hart
NASA (Confidential) Report No: X6L4-12040

Mechanical impedance is defined as the complex ratio of the

.effective force to the resulting effective linear velocity:

. Zy=F/Vor Z=WF/R

F = Driving sinusoidal force

V = Sinusoidasl velocity

W = Radial Frequency (2 f)

A = Sinusoidal acceleration

The force generstor is attached to_the steel motor case. . ... ..

SMISSION
NEWLY DEVELOPED METHOD FOR THE DZ/ERSED U/S TRAN
;zsrmc o; METAL PLATES & ITS COMPARISON WITH TEZ FREQUENCY

MODULATION MBTHOD

I. Egri

Acta Technica Vol 21 No 3-4 1958 '

pp 327-45 '
(German

.’,
&
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WIRE TESTING BY ULTRASONICS |

' , ‘
W. Lehfeldt ' '
Wire September 1960 '

pp 1131-1133 | |

" Article describing the use of an ultrasonic technique to detect 4
internal flaws in wire.

| ULTRASONIC INSPECTION OF FERROUS AND NICKET.BASE WROUGHT RAW
STOCK : )

J. H. Flaherty

SN

| NAA/LAD PDL Memo FE 11-1-19 November 1961

\"“"?E'E"r‘r:':_g

THE IMMERSED U/ S INSPECTION OF METAL PIATE
' R. W. McClung
| | |

. PP 270f??5 I

ULTRASONIC HARDNESS TESTING

Production Mag. | September 1965
p 30 : e

e e et e g 8

ALL-OUT INSPECTION

Tooling and Prod. Mag. September 1965
p 176 |

[

| Brief review of QC methods used by Timken Roller Bearing Co.
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!
', ULTRASONIC INSPECTION OF WROUGHT PRODUCTS

C. Pnillips

NAA/LAD QC Spec. No. LQO501-006 May 1960

¢ e e e —

CONTINUOUS TESTING MADE POSSIBLE BY ULTRASONICS
! :
~ W. A. Richards, Jr.

; Wire & Wire Products _ ~ October 1963
| Vol. 38 pp 1525, 1599, 1601 :
I.

" A reviev of the Lehfeldt U/S Wire Testing Unit and its
' application to a continuous testing process.

FLEXURAL VIBRATIONS OF ELASTIC SANDWICH PLATES ?
Y. Yu

J. of Aero/space Sciences April 1960
pp 272-282

L o » 170
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| 56. PROPULSION EGUIPMENT
|
!

NONDESTRUCTIVE TESTING OF LARGE SOLID PROPELLANT CASE
BONDED ROCKET MOTORS

John H., Cusick

J. Soc NDT Vol. 18 No. 3 May - June 1960 -
} Pp 195-199

; An analysis of the tangential radiographic method is given and
| U/S test methods of bond testing are discussed. Test procedures
; are delineated and handling apparatus illustrated.

! STATIC DEFORMATION OF A PIEZOELECTRIC PLATE VIBRATING AT ITS
NATURAL FREQUENCY

* B. A. Finagin

} Soviet Physics - Acoustics April - June 1963

)
Numerical results and interference photographs are given for
plates vibrating in these (gubject)‘quegf

S et e e

| NEW TEST FOR GLASS FILAMENT WINDINGS
~John F. Judge

Missiles and Rockets October 1962

| pp 26-28

-Discussion of the use of an electrically conductive trace
element wound in structure. :

e Tw e a i o

. ULTRASONIC APPLICATIONS IN SOLID PROPELLANT MOTOR INSPECTIGNS

R. D. McKown and R. R. Rowand

cmem e o = o
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! FEASIBILITY STUDY TO DETERMINE WHETHER ULTRASCNIC TECHNIQUES |
| CAK BE USED T0 MEASURE MECFANICAL PROPERTIES OF CAST POLYURETEANES |
| INTESDED FOR APPLICATION 45 SOLID PROPELLANT BINDERS ?

' A. M. Murdoch and H. E. Valkenburg

| Contract .AF 33&616&-T7069 July 1963
| ASD-TDR No. N6L-1T116 ) .

JrY” U S

Experimentation was described which attempted to use ultrasonic
examination to determine the physical condition of several speci-
lmens similating both binder and propéllant materials is various
vconditions of aging. It was found that velocity measurements of
. either longitudinal or shear waves was not adequate to determine
istructural changes due to aging, that shear wave-attenuation vs.
' temperature measurements yield some degree of information, and d
' that measurement of relative acoustic impedance ulirasonically :
" yielded some correlation with aging condition. Some good 1
. theoretical discussions on velocity, attenuation and acoustical i
.impedance are presented in this article. H

e

L

-1

| NONDESTRUCTIVE TESTING OF ROCKET COMPONENTS USING |
' MICROWAVES AND LOW-FREQUENCY ULTRASONICS 1

R. C. Stinebring and R. H. Harrison -

Materials Evaluation | January 1965
pp 17-22

» The relationship between microwave dissipation and the
physical properties of rocket materials is illustrated.

" Data are presented on analytical laboratory uses of

microwaves and the application of this technique as a tool for
quality control of materials.

— - !
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FORCED FLEXURAL VIBRATIONS OF SANDWICH PLATES IN PLANE STRAIN
Y. Yu

J. Appl. Mechanics ‘September 1960
pp 535-540

The problem of generai forced flexural vibration of sandwich
| plates in the plane-strain case is solved, using the classical
| method of separation of variables combined with the Mindlin-

Goodman procedure for treating time-dependent boundary éonditions. |

S S e e et e - s

. MEASUREMENT TIME REDUCED ...
Magnaflux Corp.

Magnafacts Vol. 13 No. 3 Summer 1965
p 6

Use of Magnaflux Sonizon for QC in manufacture of jJet engine
parts.

s et e ol e i+ o st e s e e
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57. COATINGS

AN ACOUSTIC METHOD OF FAULT-DETZCTION IN CERAMIC LINING PLATES
J. Kacprowski & J. Ryll-Nardzewski, J.

Acustica

Vol. 1L pp 76-88 1964 ' é

A general description of an acoustic measuring method and an |
electroacoustic measuring equipment designed for current quality
tests of ceramic lining plates is given. The method is based on
the physical relations which exist between the acoustical
parameters of the plate excited in mechanical vibrafion and its
structural and mechanical properties.

ULTRASONIC METHODS FOR NONDESTRUCTIVE EVALUATION OF CERAMIC
t  COATINGS . -

! W. E. lawrie

| WADD T.R. 61-91, Part 1 Apri. 1961
f Armour Research Foundation
!
!

The use of ultrasonics to detect flaws and bond strength in

~ ceramic-metal bonds was investigated. Reflectance measurements

. were rejected in favor of trensmission measurements. Two transe
ducer systems using longitudinal end surface wave modes were used
and described. Intermoduletion techuniques were tested, and a

; charge scanning method of determining the potential at the back
of the receiving crystal proved effective for increasing the

| resolution of the scanning system. It was concluded that the

sensitivity of these methods in detecting flaws Justify their

furtber development.

U/S METHEODS FOR ND EVALUATION OF CERAMIC COATINGS
W. Lawrie & A. M. Baumanis

WADD-TR-61-91, Part II Feb. 1963
Arnour Research Foundation

This report describes investigations into the use of ultra-
sonic techniques to determine the sirength and integrity of
ceramic-metal bonds. An acoustic image converter system was
used successfully to obtain & television type display of 1/32
in. diameter laminar defects in & zirconium oxide-inconel bond.
Schlieren optical and acoustic lens techniques were used to
visually investigate detailed properties of ultrasonic flelds

| and the interaction of ultrasonic energy w1th a solid. The
J__thga,u& Do) md s, - conspmm mome_ renw-b o B0 . e = ]
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. U’S METHODS FOR ND EVALUATION OF CERAMIC COATINGS |
W Lawrie & A M Baumanis 5
WADD-TR-61-91 Part III | |
Armour Research Foundatisn Mar 1163

This rep-rt describes investligati-ns int~ techniques #%» i
\  determine the strength and integrity -~f ceramic metal b-onds.
Primary emphasis was placad on techniques for examining
diffusion coatings althouzh work continued on fleme-sprayed
coatings. Extensive investigations of Rayleigh wave techniques
have been made. Further work was done using the Schlieren
optical method, and therral effects were investigated in
relation to the Schlieren results. Investigations of an intere
ferometric method for measurements of elastic constants have
shown the method to have low accuraecy. Neither destruct nor

| pondestructive methods have been found to successfully measure )
| &opd strength of diffusion coatings. Preliminary investiga- :
tions have been made of thermal, electrical, end nuclear

‘wmethods for examining flame-sprayed coatings.

| CERAMIC-METAL BOND DEFECT DETECTION USING ULTRASONIC IMAGING
® " W.E. Lawrie
Paper

Illinois Inst. Of Technology

NEWS OF TEE ADHESIVES WORID -~ NON-DESTRUCTIVE TESTING
R. L. Myers and C. J. Knauss

Adhesives Age :
p 43 Apr. 1965
(Abstracts of papers) !

e e e

ULTRASONIC MEASUREMENT OF NICKEL PLATE THICKNESS
J. Naughton

PDL Report # CD-3796 .
| NAA/TAD Feb. 1964
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. ULTRASONIC DETERMIWATION OF NICXEL PLATE ADEESION STRENGTH

J '
: !
J. Naughton and R. Botsco

PDL Lab Memo No. NF-l-l-10
* NAA/LAD Apr. 1964

ULTRASONIC AND CERAMIC COATINGS

R. R. Whymark, Wo E. lawrie
WADD TR 60-15T May 1960

Armour Research Foundation

——

Optical Schlieren detection system, intermodulation techniques,
surface waves, and image converter systems were considered as

methods for determining bond strength and detecting defects in
i ceramic-metal bonds.

SIMPLIFIED VIBRATION ANALYSIS OF ELASTIC SANDWICH PLATES

Y. Yu

J. of Aerospace Sclences

pp 854-900 Dec. 1960

Simplified treatment of the vitration problem for low frequency
ranzes end for ordinary sandwich plates that have very thin
face layers is discussed. Simpler equations of motion of sand-
| wich plates are introduced and their eccuracy is determined by
comparison with previous more complete equations. .
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:58. THICKNESS

| U/S EQUIPMENT FOR HIGE-PRECISION TEICKNESS MEASUREMENT
Peter K. Bloch

J. NDT © May 1953
pp 2l1-23

This paper presents refinements in equipment and technique, to
obtain thickness measurements within 1/2 percent of actual
dimensions, from one side, with U/S resonance instruments.

PORTABLE ULTRASONIC THICKNESS GAGE
N. B. Branson

Electronics Jan. 1948
pp 88-91L

. Deseription of operation and e.ppli’catic;n of the Audigé.ge;

STANDING WAVE TECHNIQUE OF THICKNESS MEASUREMENTS
J. B, Butler & J. B. Vernon

J. Acoust. Soc. Amer. July 1946
Vol. 18 No. 1 pp 212-215

Use of the reflectuscope for determining thickness of various
types of steels is discussed in detail, including test data
resulting from the use of various crystals.

ELASTIC INSTABILITY OF RECTANGULAR SANDWICH PANEL OF ORTHOTROFIC
CORE WITHE DIFFERENT FACE THICKIVESS AND MATERIALS _

e = S ——————————- = .

C. C. Chang and I. K. Ebcioglu

-————

Trans. ASME Sept. 1960
pp. WTL-L80 ‘

The instability of rectanguler sandwich panels with nonisotropie
' cores snd faces of different materials or thickness. A zone of

core snear instability is determined and discussed in detail.
| Wumerical examples are presented to illustrate application of the

analysis.

-
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ULTRASONIC THEICKNESS MEASUREVENT
Commerce Dept.
Quality Control Digest #1 Apr. 1957 )

Civil Aeronautiecs Admin. U |

THICKNESS MEASUREMENT BY ULTRASONIC RESONANCE
E. G, Cook & H. E. VanValkenburg

J. Acoust. Soc. of America May 1955
Vol. 17 No. 3 pp 564-569

A mathematical analysis is made of the acoustic system of
resonance-type instruments used for thickness measurements

from one side only. The approeach cen be used to evaluate any com-
binatiohs of test semple, couplent end driving crystal provided
their acoustic _properties are known.

AN U/S THICKNESS MEASURING INSTRUMENT USING TRANSISTOR LOGIC
TECHNIQUES

B. L. Elliot

Electronic Engineering Nov. 1963
Vol. 35 ho)e) T738-41

A simple experimentel transistorized U/S thickness measuring
instrument is deseribed. A nev approach to the presentation
of the thickness information.has been adopted employing bina.ry
dividing circuits. == . . e ———

THE SONIGAGE A SUPERSONIC CONTACT INSTRUMENT FOR THICKNESS
MEASUREMENT

W. S. Erwin

[ AR . 1

Research Labora.tories Division, General Motors Corp.. . ... . . .. _..

s ———

U/S THICKNESS MEASUREMENT WITH LAMB WAVES
C. L. Frederick & D. C. Worlton ' i

J. NDT Jan-Feb 1962 |
pp. 51-55 . |

Presents & technigue for accurcte thicknsss measwrements without
necessity of close contact between test head and inspected
surfece. The discussion emrhacises besic theoretical principles
vnderlying the test and presents theoretical data to support i
them. R B —_— 3
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. "I NFLUEICE OF TRANSVERSE STAR O NONLTYEAR VIBRATIONS OF '
| SANDWICE BEAMS WITH HONEYCC,B CORES ‘
I |
' H. Chu |
J. Aerospace Sciences May 1961 ‘
pp. 405-410

Nonlinear equations of motion for a honey-comb sandwich beam are
derived. Solution of nonlirear periods is determized for & beanm
i with hinged, immovable ends. Nucerical examples are worked out

for sandwiches with aluminum alloy facings and aluminum foil
honeycomb cores.

PSSR SV

[OOSR

ULTRASONICS CUT NOSE-CONE GAGING TIME.

! Don Paisley
} Aircraft & Missiles Feb. 1960
' pp 30-32 |
| ‘ ! The Vidigege is used to measure thickness of £ilament-wound

plastic nose cones.

U/S RESONANCE THICKNESS I».EASU%:.&EN’"S BY MEANS OF AN
INTERMEDIATE LIQUID COLUMN

W. Leljsen

Materialprufung Vol. s No. 11 Nov. 1962
Pp- 50T-10
(German)

e e—— et e i e am =

~i between
The article reviews resonance gauilntg with direct contact

AUC G Vv S T gty NmemaT A

transducer and object and the re scently developed non-contact: ;
gauging technique. :
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PROVED ULTRASONIC METHOLS FOR STRIP AND PLATE TESTING
H. Kremer Kraut

Materials Eveluation Sept. 1964
pp. LOL-4OB

A review of various methods in use for continiious testing Aof
strip and plate materials, pointing out strengths and weaknesses
of each.

v

m——

EFFECT OF FREQUENCY VARIATIOCIl UPON THE APPARELT RESISTIVITY OF .‘
THIS GAGE NON-FERROUS ALLOYS Y

i R. R. Jones & D. B. Hunter

The Martin Company
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6. U/S APPLICATIONS, NOT QC

61. SHAPING :
ULTRASONICS, AN AID TO METAL FORMING?

B. et. Al. lLangenecker

Metal Progress April 1964
pp. 97-101

A general discussion concerning the application of macrosound
in deepdrawing, ironing and wiredrawing processes, and as a
potential for industrial applications ‘

b e e

U/Ss METAL FORMING INCHING TOWARD FULL SEOP STATUS

Steel Weekly . April 26, 1965
ppo ""8-% .

-

| ULTRASONIC ENERGY AIDS TURNING, GRINDING, MACHINING .

Steel Weekly | July 12, 1965

| pp. 58-59

|

[~

62. CLEANING
SOUND WAVES SCRUE AND INSPECT

The Iron Age .
P T5-TT. J@e 24, 1965

|_63._ MISCELIANEQUS -
DESIGNING FOR ULTRASONICS

H. Deans

Plastics World Aug. 1965
pp. T4=T6 :

Design considerations in preparation of plastic produc¢ts for
V/8 welding.

-
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THEY "SHOOT" CAR AXLES TO LOCATE INTERNAL DEFECTS
Magnaflux Corp.

l;?ggafacts, Vol. 13 No. 3 ' Summer 1965

Use of Magnaf‘lt—zfpulse V/S system to inspect reilroad car axles. |

64, WELDING —_—
| U/S INSPECTION OF WELDS '

B. Ostrofsky

Welding Research Bupplement
Vol. 4k No. 3 e Var. 1965

| pp. 97a-10T7a
-

ULTRASONIC SEALING

Howard Deans )
' Plastics Design & Processing August, 196h4
rl ppo 17-20 v

.;

|

' Production Welding of Plastic Parts Accomplished by Ultrasonic

! Sealing. S

e e e e

!
DEVELOPMENT OF ULTRASONIC WELDING WITH EMPHASIS ON PRODUCING
HERMETIC SEALS

J. B. Jones et.al.

Final Summary Report Sept. 1963

No. RR-61-69

Aeroprojects, Inc.

Uniformly reproducible V/S ring and continuous seam welds of
hermetic-seal quality were produced in several alloys of

different geges and in various geometries.

~

SONOBOND ULTRASONIC WELDING UNIT

Welding Research Nov. 1963
p. 938

Descriptive brief on Sonobond Model W-260-TSL

LS
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7. STANDARDS
! 71. NDT, GENERAL

e

REPORT OF COMMI'I'I‘EE E-T7 ©N NON-DESTRWTIVE TESTING

AST™™ (Reprint) Meeting held June 196k 4 1964

REPORT OF COMMITTEE E-7 ON NDT. _
4As-m o - ﬁ

ASTM Meeting of June 1965 1965
(Reprint) g

[ S— e — e O

COMMONLY USED SPECIFICATIONS & STANDARDS FOR NDT.

J. Nv3g_ "o ' March-April 1961
pp. 130-1
- N

A STUDY ON GREATER UTILIZATION OF INDUSTRY IN THE PREPARATION
! OF SPECIFICATIONS AND STANDARDS :

' Publications
Dir. of Technical Publications and 8pecifications Systemo
Engineering Group

Research and Technology Division ' _
| WPAFB : Feb. 196k
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J2. Y/s mesmiNg e

U/S STANDARDS FOR THE EVALUATION OF MISSILES MATERIALS AND -
COMPONENTS 5

C. J. Adams and J. W. Morris

(paper) 3rd Pac.Area Nat. Mtg. of Am. Soc. for Testing
Matls. (San Francisco) Oct. 12, 1959

ULTRASONIC TECHNIQUES AND STANDARDS FOR TESTING FILAMENT-WOUND
STRUCTURES '

C. M. Adams - H. H, Radtke - J. D. Klein
ML TDR 64-117 May 196h
Douglas Aircraft MSSD

Inmersed through transmission, immersed and contact pulse echo

) methods were used to determine optimum testing techniques for

' filement-woutd reinforce resin-glass structures. Test specimens
were fabricated with similated defects. It was found that the
best method was the through-transmission in conjunction with
facimile recordings method. ‘ ‘

—

_— s e e g A,

L H,

RECOMMENDED PRACTICE FOR ULTRASONIC TESTING BY THE REFLECTION
METHOD, USING PULSED LONGITUDINAL WAVES INDUCED BY DIRECT

CONTACT.,

AST™ .  Adopted 1963 "
TENTATIVE METHOD FOR ULTRASONIC CONTACT INSPECTION OF WELDMENTS
ASTM ' g

™ Designation: E 164 - 62 T Issued 1960
2 o . ___BRevised 1962

TENTATIVE RECOGMMENDED PRACTICEZ FOR FABRICATING AND CHECKING
ALUMINUM ALIOY ULTRASONIC STANDARD REFERENCE BLOCK3

Issued 1958

ASDM Revised 1901 B

r- . ENTATIVE RECOMMENDED PRACTICE FOR ULTRASONIC TESTING BY THE.
T

RmONAmE METHOD o _
_ ~ | Issued 1955
AST™™ , .
| - . | °
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o 70-S EFFECTS OF TEST SPEED ON ULTRASONIC FLAW DETECTION v
RELTABILITY
John P. Bacon |
J. NDT Vol. 20, Mo 6 Nov., Dec. 1962 .
po' 3&"‘382 .

- Test procedures and results of ultrasonic inspection immersion
tests using a quartz and & lithium sulfate transducer to '
determine effects of the transducer movement speed on flaw ‘
detection reliebility. Analysis of transducer sensing width “
versus receiver dynamie range, transducer slze and flaw sige. ‘

—————

- e - R e

STANDARIZATION AND APPLICATION OF ULTRASONIC SURFACE WAVE
INSPECTION

G. J. Binczewski

J. glg_rho . Jan., Feb, 1957
Pp-

Ultrasonic surface waves are discussed as a reliable and

| economic method of detecting surface discontinuities. Factors

‘ , which influence test results were considered. It was concluded
that the method is effective for cases in which the detection

aspect is of prime importance, but is not applicable to detection

. aend evaluation without & critical ana}ysis of factors which

affect surface propagation.

A PRIMARY ULTRASONIC STANDARD

8. Boghosien and J. w, Orner .

WAL TR 143.8/1 Dec. 1961
Watertown Arsenal Lsboratories

A method is suggested by which the respose obtained from a steel
ball in water can be utilized for accura tely defining any
desired level of instrument semsitivity. Acceptance levels

can be specified in terms of paremeters which ca be strictly

' _efined for specification:purposes., ...

et i et e e
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STANDARDIZATION IN U/S TESTING
C. W. Ciine and J. B. Morgan

J. Soc NDT Vol. 13 No. & July - Aug. 1955
po 23-27

Progress toward standardization of operation of U/S equipment

is discussed, including use of reference blocks, electronic
checking equipment and monitors.

RESEARCH & DEVELORYENT LEADING TO THE ESTABLISHMENT OF U/B TEST
STANDARDS FOR AIRCRAFT MATERIALS

G. L. Croes, et.al.

WADC - TR 59-L466 " Feb, 1960
AF Materials Laboratory

The report contains results of a four phase study of materials
and techniques concerning the evalua tion of internal flaws by
ultrasonic means. The four questions studied were; what
meterial variables affect the transmission of ultrasonic compres-
sional waves in certain aircraft materials? What material and
geometrical variables affect transmission of sheer and surface
waves in this sheet materials? What are the quantities involved
when altering the beam diameter by collimation? and, what
correlation exists between the ultrasonic and mechanical
properties of materials which contain quantitiee of minute
porosity.

REVIEW OF CURRENTLY AVAILABLE SPECIFICATIONS & PROCEDURES FOR
THE U/S INSPECTION OF STEEL *

Edward T. Graboski

J. NDT July - Aug. 1962
pp. 245-2L4T : - '

* Paper preseunted before the 20th National Conv. of the Society,
17 Oct. 1960, Philadelphia, Pa.

e et e

-—

et

e e
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1 DETERMINING THE DIMENSIONS OF FLAWS ULTRASONICAILY WITHOUT
STANDARD SPECIMENS

V. S. Grebennik, et.al | : |

Zavodskaya Laboratoriye Oct. 1963
Vol. 29 No. 10
pp. 1181-1186

1 (Translation)

The method is based on a measurement of the ratio between the
signal amplitudes from a flaw for various positions of a
plezoelectric transducer to the distance from the surface of
an ofject as the transducer is shifted from the position
corresponding to the greatest amplitude of reflected signal.

}A,____ ——— ——

PHYSICAL FACTORS AFFECTING RELIABILITY OF U/8 NDT

L. Kay et.al

Brit. Instn. Radio Engrs. (J.) May 1962
' Vol. 23 No. 5 _
~ pp. 373-8

U.D.C. 534.23:620.179 A Dec. 1961
West Midland Section' Symposium

e e~ e e e e e+

| STANDARDIZATION IN ULTRASONIC TESTING

J. D. Lavender and R. M. Pilgrim ' ;
Journal B.S.C.R.A. No. 75 Oct. 1963
Stendards adopted by the aluminum industry in Britian and the

USA are reviewed and e standard cast steel test block, which the
steel industry may find useful, is described. ‘

U/S TESTING PROCEDURES
J. B. Morgan
J m va 32-36 Jan' - beo 1959

— M

: sults obtained from U/S inspection of approx. 150 reierence
ﬁocks prepared from stainless steels, tool steels and high

temperature alloys are presented.
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DEVELOBGINT OF ASTM STANDARD REF'ERENCE BLOCKS FOR U/S INS'PEGI'ION ""
F. C. Panien and H. E. Van Valkenburg : ’,

J. NDT
o5. ks-57 ‘ Jan. - Feb. 1961

NEW MOLY REFERENCE BLOCKS IMPROVE SONIC TESTING

R. C. Rhoades

Iron Age Vol. 186 No. 17 ch. 1
;.'DD...gh'-gs %

~ IMMERSED ULTRASONIC INSFECTION BY C-8CAN FACSIMILE RECORDING
Rocketdyne

! Process Specification: No. RAO115-12
l NAA/R o-125 | May 1964

]
-—
1
f

RECOMMENDED U/S ACCEPTANCE STANDARDS FOR AIRFRAME ALUMINUM ALIDY
' PLATE, FORGINGS, & EXTRUSIONS

' SNT Adirframe Committee Report No. 1 (revised)
i
'.f J' Nm‘ - Jano - be. 1%2

- pp. 57-60

———— - - e

ULTRASONIC STANDARDS

U/S (unidentified)

Manuscript released 15 Nov. 1961
as ASD - TDR . o

ULTRASONIC TESTING CALIBRATION AND STANDARDS
UNITED STATES

E. E. Van Valkenburg

PROCRAMS IN THE

Sperry Products Reprin® 50-806 1960
presented before the 3rd International Cong.

Japan 18 Mar. 19&
y on specifications.

Reprint from & paper
on NDT held in Tokyo,
Includes & bibliograph

)

|
|
|
|
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! 73. RADIOGRAPHY

MILITARY STANDARD INSPECTION, RADIOGRAPHIC

MIL-STD-453 I September 1963

[ 7.  MISCELIANEOUS
"WILITARY STANDARD JOINT ELECTRONICS TYPE DESIGNATION BYSTm"

-

MIL-STD-196A

] o A
i "MILITARY STANDARD TYPES AND DEFINITIONS OF MODELS FOR -
COMMUNICATIONS-ELECTRONICS EQUIP, "

MIL-STD-243A , 31 August 196k

BONDING STRENGTE ( STANDARDS)

FED TEST METHOD STD NO. 406 5 October 1961

INTRODUCTION TO STATISTICAL ANALYSIS
W. J. Dixon and F. J. Massey, Jr.

McGraw-Eill Book Co. N. Y.

1951

ot



8. HONEYCOMB MATERIALS

L mmpmem e e s e - P PA—— SOV

181. PROPERTIES ) o
" NEW GRIP ON HONEYCOMB

Afrcraft & Missiles November 1959 !

Use of Zincilate, water soluble surface protective agent,
to hold honeycomb during machining operations.

e e e

- e e -
)

MECHANICAL PROPERTIES AND TESTS

Jo B. C&mpbell

Materials & Methods July 1954
i (reprint) Manual No. 106 , _
i

Glossary of the common engineering materials

:
|

! NATURAL FREQUENCIES OF HONEYCOMB STRUCTURES
|

R. H. Grissom

Product Engineering Vol. 31, p. 83 February 1960

BOND STRESSES IN A RANDOMLY VIBRATING SANDWICH PLATE:
' SINGLE MODE THEORY

D. J. Mead

J. Sound & Vibration Vol. 1 No. 3 : 1964

The method of generalized harmonic analysis is applied to the
estimation of bond stresses normal to the surface of a honey- .
comb sandwich plate which is subjected toa randomly varying load |
such as jet noise pressures. Motion of the plate is restricted
to a single principal mode of flexural vibration.

—
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"ON METHODS AND DATA REQUIRED FOR EEAT SETELD CALCULATIONS" ’
. |

G. Mounis ,
. |

-

NASA TT F-294 February 1965

NASA Technical Translation from Sub-Aviation,
Doc. No. 68.515/64

DEVELOPMENT OF FORMING AND JOINING TECHNIQUES FOR
CORRUGATED SANDWICH STRUCTURE

H, Smasllen and R. P. Romaine

Welding Journal April 1960
Vol 39 pp 314-21

The development of forming and joining technigues for
fabrication of an engine exhaust duct from corrugated
sandwich structure is described. Included are rolling,
manuel and automatic fusion welding, resistance spot
and tungsten-arc spot welding.

SANDWICH DESIGN ...B-70 SPURS WIDER USE OF
PART I.

Space/Aero Vol 35 March 1961
pp 96-99 .

SANDWICE DESIGN ...NEW METHODS SET PACE OF PROGRESS FOR
PART Il

Space/Aero Vol 35 March 1961
pp 50-55
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SELF SEALTLIG STRUCTURES ...SANDWICH DESIGN
PART III

| Space/Aero Vol 35 March 1961
;PP 56-5T

l

1

| PASTENING HONEYCOMB COMPONENTS

|
" P. J. B. Stevens,and L. M. Polentz

 Materials in Design Engineering April 1960
' pp 123-126 _
1

"BRASING RENE 41 HONEYCOMB SANDWICH STRUCTURES" ;

A. 0. Vaneman and J. W. Greagor

i  Welding Research Supplement August 1963
i pp 3535 - 3508

Techniques are developed for brazing sandwich panels using
Mn-Ni-Co-B braze alloy and an argon atmosphere.

192
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82. MECHANICAL TESTING

"STRESS RESPONSE AND FATIGUE LIFE OF ACOUSTICALLY
EXCITED SANDWICH PANELS"

NA-64-413
NAA/LAD
Acoustically excited brazed steel honeycomb panels are

analyzed. Stress and life for both the honeycomb core and
facesheets are computed for variations in the basic pansl

parameters.

THE SHEAR MODULUS OF EONEYCOMB CORES

Hiroshi Nagao

9th Japan National Congress for Applied Mechénics,
Proceedings, 1959 p. 97-100 7 1959

The apparent shear modulus of hexagonal honeycombd cores...
used in aircraft construction is investigated by theoretical

analysis.

ACOUSTICAL TESTING OF EONEY TURE
IONEYCOMB STRUC '
ACCESSIBLE SIDE (RESONANCE TECHNIQUE) S FROM ONE

R. J. Botaco

NAA/LAD Report No. CD-3804 -J’une 1964

P 4

) S
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"MEANS AND METHOD FOR TESTING OF COMPOSITE SANDWICH STRUCTURES" '
R. A. Davis, et. al.

U. S. Patent Office #3,008,029 November T, 1961 .

"METHOD AND APPARUTUS FOR INSPECTING EONEYCCMB PANELS"

A. L. Klein and G. G. Grimn

U. S. Patent Office No. 2,782,632 February 26, 1957

"SONIC TESTER CEECKS BONDIKG OF HONEYCOMB PANELS"

H. O. Williams

|
- American Machinist September 1, 1952 :
pp 116-117 . '

94
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84. ADHESIVES PROPERTIES

ADHESIVES-STILL LOTS OF POTENTIAL FOR AEROSPACE STRUCTURES

Aircraft and Missiles . February 1960
pp 34-37 :

A general review of adhesive types and characteristics,
including design tips.

1Y

ADHESIVE BONDS FOR SANDWICH CONSTRUCTIONS
George Epstein .

Adhesives Technology _ * August 1963
Vol 6 No. 8 pp 30-33

An analysis of the factors to be taken into cansideration when
designing adhesively bonded structures was presented. Creep,
impact, fatigue, core-to-skin facing bonds, strength were
discussed as factors to bemoted. Strengthenings devices were men-1
tioned and splicing of cores considered.

ELASTOMERIC STRUCTURAL ADﬁESIVES

Martin M. Grover and John Romanick

Adhesives Age November 1963
pp 30-33 :

The application, use, and characteristic
adhesives are briefly discussed. It is
adhesives have to be carefully cured
strength and performance.

e of elastomeric
mentioned that these
in order to obtain ultimate
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PROPERTIES & TESTING QF HIGE STRENGTH ADEESIVES

PRESSURE~SENSITIVE ADHESIVES: WHAT MAKES THEM STICK?
Charles W. Hock

Adhesives Age
pp 21-25 March 1964

The morphology of various resin and rubber films was
investigated with the aid of the electron microscope.

The effect of resin concentration was discussed. .
Neoprene adhesives were considered.

G. A. Iikka

Metals Engrg. Quarterly May 1962
Vol 2 No. 2 pp 30-34

Compositions of several types of high-strength adhesives and
various tests for strength properties are described, and
comparisons of strength properties for various types of
adhesives are made.

EFFECT OF LOADING RATE ON ADEESIVE STRENGTH

Frank Moser and S. S. Knoell
ASTM Bulletin No. 227 January 1958
pp 60-63

Significant differences between loading rates, testing
machines and adbesives are presented.

LT 4 e 4 T TN 4 T e
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STRUCTURAL ADEESIVES FOR CRYOCGENIC APPLICATIONS

B. Pascuzzi and J. R. Hill

Adhesives Age March 1965
PP 19-26 '

Four adhesives were evaluated with the objective of developing
a simple adhesive bonding process for 2219 aluminum. Tensile-

shear and vibration fatigue were used for preliminary

various temperatures.

screening tests, followed by a variety of subsequent tests at

ADHESIVE BONDING OF TITANIUM

H. E. Pattee, et al

- . . . L SR T T T ST Ry

13

Materials in Design Engineering | February 1959
vol 49 pp 96-99
Review of available adhesives, surface treatments and design
.- factors.
ADHESIVES

L.H. Sharpe, et al _
Int. Science & Technology pp 26-37 Apr 196,

Molecular theory of adneslon is explored, ixamples of
adnesive applicatlon end gharacteristics supporting
the theory are presented; industrial use of adhesives
and future needs are reviewed. :

BENEFITS OF ADHESIVES HINGE ON SHH‘T TO NEW APPROACEES

Steel January 18, 1965
tee

pp 40-43

A cdmprehensive reveiv of verious type s of adhesives and

o
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I 85, ADP’“SIW‘S M._.ChANICAL TES'I‘ING »
i TENSION TEST OF FLAT SANDAICE COXN TRUCTIO)vS oy FLATWISE PLA.NE

e

ASTM " ‘

AS'I.’M Des: C297-61 Adopted 1956
' ~ Revised 1961

TENSION TEST OF FLAT SANDWICH CONSTRUCTION IN FLATWISE PLANE

. ASTM C 297-61 | Adopted 1955
| pp 12-15 - Rev. 1961

STRENGTH PROPERTIES OF ADEESIVES IN SHEAR BY TENSION
LOADING (METAL TO METAL)

AST™

. ASTM Des: D1002-6L4 Adopted 1964
‘ B S Fevised 1964

STRENGTH PROPZRTIES OF ADHEESIVES IN SHEAR BY TENSION
LOADING (METAL TO METAL)

ASTM D 1002-64 Adopted 1964
pp 290-295 Revised 1964

PEELING FORCE OF ADEESIVE JOINTS

F. S. C. Chang

Trnas. of Soc. of Rheology IV 1960
pp 75-89 o . o -

A PURE SEEAR TEST FOR ADHESIVES

L. B. Clougherty and D.‘ M. Teague

SAE paper UTLF Jamary 8-12, 1962

Automotive Engineering Congress

I ——

i
|
‘.
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I~ “DEIVELORMINT AND EVALUATICH OF T:T CLTD3ING PEZL METHOD
FOR TESTING ADEZSIVE BONDS IN SANDWICE AND METAL TO
METAL CONSTRUCTIONS"

TR e T

i H. W. Eickner and F. Werren

WADC T.R. 56-386 i September 1956
_Materials Laboratory W-P AFB o

' PEEL ADHESION - PART I PHENOMENOLOGICAL ASPECTS OF THE TEST | f

J. L. Gardon

[E U U

J. Appl Polymer Sci 1963
Vol 7 pp 625-641 i

Peeling force variation with the peeling rate and adhesive layer
thickness is shown. The nature of the variability of the
steady-state force when all testing variables are held constant

is discussed.

PEEL ADHESION - PART II A TEEORETICAL ANALYSIS

J. L. Gardon

J. App Polymer Sci 1963
Vol 7 pp 643-665

The rate-independent adhesive failure datea are discussed

ia terms of & newly developed theory. In this theory, the
dependence of the peeling force upon the thickness of
adhesive layer is terms of such parameters as the moduli of
t:e substrate and the binder, the thickness of the substrate,
etc.,

e+ e w————

TEE MECHANICAL TESTING OF HIGH POLYMERS

8 s 5 e 22 Y

H. Kolsky |
]

Progress in NDT, Vol. II 1964

Gordon & Breach

Science Publishers, Inc. N. Y.

-
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METAL ADEESION TECHNIQUES : |
A. Matting

Elektrotee, U. Maschinenban 1958
Vol 75 pp 83-84 (German)

Effect of U/S waves on strengthening adhesive forces.

MECEANICAL TESTING OF ADEESIVES IN A CREEP FURNACE AT
TEMPERATURES TANGING FROM 2C0 to 24OOF

A. E. Slobodzinski

Tech Memo. 1061 September 1962
Feltman Research Laboratories,

Picatinny Arsenal,

Dover, N. J.

PERFORMANCE OF MZTAL-ADHESIVE JOINTS :
K. Wellinger and U. Rembold

VDI Zeitschrift 100 Janu 1l
pp 41-46 (German) ary 1958

—— e e e e e e eam ¥
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9. REINFORCED COMPOSITES

! 91. MISCELIANEOUS

g

i ‘ DEVELOR"EI\“I‘ OF HIGH STRENGTH, LOW DEI\SITY COMPOSI'IE- MATERIALS
‘ FOR SATURN APPLICATIONS

- S e s v - -

J. W. Huffman

' NAA/LAD Report No. NA-63-1358-3 January 1964

| Quart.erly Progress Report 10-1-63 to 1-1-64

DEVELOPMENT OF HIGH STRENGTH, LOW DENSITY COMPOSITE
MATERIALS FOR SATURN APPLICATIONS

J. W. Huffwan
NAA/LAD NA-63-1358-13 January 1965

, ' Annual summary report 1 October 1963 to 31 December 196k,
Cmtract NA-58-11108

,fjA. Kelly

| Bcientific Americen . February 1965 '

. i FIBER-REINFORCED METALS - | | ;
|

THE PROMISE OF COMPOSITES

Materials & Design Engineering (magazine) September 1963
Spec. Report No. 210

- —— e D,

General structural characteristics of composites are outlined
and it is shown how this morphology can be the basis of a
simple scheme for descriptive classification and for predicting

MGl & we

behavior.
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METAL MATRIX COMPOSITES

NAA/LAD

| NA-6h-1124

\ STATE OF THE ART, FLAKE-GLASS LAMINATES
Allen M. Shibley

0TS PB 161947 October 1
Picatinny Arsenal, Plastic Report #l1 ctober 1960

Achievements in the production of glass flake and glass

,‘ of glass flake, coating with resin binders, and properties
i and fabrication of glass flake laminates.

flaeke laminates are presented, including manufacture and testing

}

| 92. PROPERTIES

;
E DEFECTS OF IMPORTANCE IN THE SPECIFICATION OF
 REINFORCED PLASTICS PRODUCTS

|
',:.R' F. Barnet
, ' i
' NAVORD Report 2797 March 1953
U. 8. Naval Ordnance Laboratory H
White Oek, Maryland ‘
‘A discussion of the visual characteristics and various flaws *
to be found in glass reinforced plastics is presented. i
- X

THE FATIGUE RESISTANCE OF REINFORCED PLASTICS

J. W. Davis, et al

Materials in Design Engineering , December 1964
pp 87-91

of fibers, resins and laminate orientation.

Data on fatigue properties of reinforced plastics are presented
and it is showvn hdw behavior can be controlled by proper choice

ﬁr"——\___ e
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93. MECHANICAL TESTING

EVALUATION OF GLASS FABRIC REINFORCED PLASTIC LAMINATES
' F. R. Barnet

NAVORD Report 2669 January 1953
U. S. Naval Ordnance Laboratory
White Oak, Maryland

EVALUATION OF HIGH STRENGTH AND MODULUS BRITTLE
- MATERIALS IN FILAMENT AND COMPOSITE FORMS

W. J. Clark, et al

Stds.\ for Filement Wound Reinforced Plastics
pp 146-163 -

(R

A TELEVISION X-RAY IMAGE ENLARGEMENT SYSTEM FOR
NONDESTRUCTIVE TESTING OF FISER GLASS REINFORCED
PLASTIC MISSILE CASE MATERIALS

. M. L. Rhoten and R. C. McMaster
Standards for Filament-Wound Reinforced Plastics

pp 287-299
ASTM STP-327 June 1962

o immim e aeeecn o
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DEVELOPMENT OF NDT METECDS FOR THE EVALUATION OF THIN AND
ULTRATHIN SHEEET MATERIALS

G. Schmitz, et al

ML TDR 64-278 September 1964
General American Transport Corp.
for AF Materials Laboratory

This report describes activity on the subject program for the

' first year including a survey of literature, equipment, research
efforts, and nondestructive testing needs. As a result of this

survey, the second portion of the first year's activity was

directed toward the development of thin sheet nondesctructive

. test instrumentation in the field of high frequency eddy current

. equipment, Lamb wave ultrasonic techniques, and electrostatic

testing techniques.

-
'

' TENSILE STRENGTH OF ADHESIVE BONDS IN SANDWICH WITH
| ALUMINUM FACINGS AND ALUMINUM HONEYCOMB CORES .

V. C. Setterholm, et al .

WADD TR 56-239 Ji
Forest Products Laboratory une 1936

i
. e e

[
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e e . Ny v s e sy s
La0al Livaidd uwu-..OﬁGUUDTIC TZLNQDUUCAJI‘
F. Rs aboott

U.S.Patent lio, 2,895,062

1 July 1959

ELECTRO-ACOUSTIC TRANSDUCER FOR ONMNIDIRECTIONAL SEARCH

H. 0. Benecke

U.S. Patent No. 2,961,636

I

ACOUSTIC IMPEDANCE ELEMENT
T. F. Burke

U.S. Patent No. 2,754,925

L e

ACOUSTIC IMPEDANCE MEASURING APPARATUS
S. A, Caldwell

U.S, Patent No. 2,837,91k

b e

PIEZOELECTRIC CRYSTAL NMOUNTING MEANS

B, Carlin

U.S. Patent No. 2,448,352

PIEZOELECTRIC CRYSTAL MOUNTING MEANS

. Cariin

w

U.S. Patent No. 2,4k8,352

{
November 22, 1960 ! |
' l

~ July 17, 1956

June 10, 1958

August 31, 1948

August 31, 1948
1

]




ULTRASONIC TRANSDUCER
F. J. Fry
U.S. Patent No. 2,853,675

COAXIAL CRYSTAL NOUNT

E. Hafner

U.S. Patent No. 2,891,177

TMPEDANCE MATCHING MEANS FOR MECHANICAL WAVES }

C. W, Hansell

U.S. Patent No. 2,430,013

ULTRASONIC SCANNING HEAD
G. A. Klatchko

U.S. Patent No. 3,121,326

VARIABLE ANGLE ULTRASONIC TRANSDUCER
W. E, Mesh

U.S. Patent No. 2,602,101

TRANSDUCER
H. Pollack

U.S. Patent No. 2,956,184
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December 2, 1958

R U,

June 16, 1959

|
i
i
[ OU U S

November 4, 1947

S |

February 18, 1964

July 1, 1952 |

@
l
|
|
:
l
|
!
October 11, 1960

|
|
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GENERATION AND TRANSMISSION OF SOUND PULSES

i G. C. Seavey .
% ‘U.S. Patent No. 2,620,766 December 9, 1952 .
‘ |
, e o i
" ULTRASONIC BEAM SHAPING DEVICE : | ,

J. C. Smack |

U.S. Patent Fo. 2,657,319 | Ocyyber 27, 1953

|
k
-
|
|

SUPPORT FOR VIBRATORY DEVICES

i W. C. Elmore

©  U.S. Patent No., 2,891,180 June 16, 1959
’ '~ ULTRASONIC BEAM SHAPING DEVICE

i , .

'; J. C. Smack

| U.S. Patent No. 2,657,319 October 27, 1953

VARIABLE ANGLE ULTRASONIC SEARCH UNIT
H., E. Van Valkenburg

U.S. Patent No. 2,709,760 ' May 31, 1955

e o i i

-

i A s = -

s ot

FOCUSING ULTRASONIC RADIATOR

G. W, Willard oo
1
UeSe Patent No. 2)61"5)727 July ? |
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ELECTROACOUSTIC DEVICE
A. Lo wo willim

'U.S. Patent No. 2,632,634 March 24, 1953

e oy e i e & e e o e

FOCUSING ULTRASONIC RADIATOR

G. W, Willard

' . 1
U.S. Patent No. 2,645,727 July 14, 1953
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TRANSDUCER
H. Pollack

U.S. P&tent No. 2,956,1&

S

October 11, 1960 |

ULTRASONIC INSPECTION APPARATUS
Je Ve .Com '

U.S. Patent No. 3,121,32)4

SUPERSONIC TESTING APPARATUS
T, M. Berry et al

U.S. Patent No. 2,527,208

ULTRASONIC FLAW DETECTOR
D. C, Exrdman

. U.S, Patent No. 2:5931865

SUPERSONIC INSPECTION DEVICE
F. A, Firestone

U.S., Patent No. 2,398,701

FIAW DETECTING DEVICE AND MEASURING INSTRUMENT

F, A, Firestone
U.S. Patent No. 2,280,226

October 2L, 1950
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February 18, 1964

3

April 22, 1952

April 16, 1946

April 21, 19%2
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APPARATUS FOR DETERMINING RESONANT FREQUENCIES

A, Stewart
U.S. Patent No. 2,576,423 November 27, 1951

24
SUPERSONIC TESTING :
B, Carlin

U.S. Patent No. 2,527,986 October 31, 1950

ULTRASONIC MEASUREMENT AFPARATUS

D. CO Erdmn

U.S. Patent No. 3,009,353 November 21, 1961

APPARATUS FOR LOCATING DEFECTS

W Grdbendbrfer

U.S. Patent No. 2,846,875 August 12, 1958

METHOD AND APPARATUS FOR ULTRASONIC SHEARWAVE INSPECTION

E. A, Henry

U.S. Patent No. 3,115,771 Decembver 31, 1963
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IN Siain? LIKS STRUCTURSS

D . Go Z'illel’
U.S. Patent lio. 3,038,329 12 June 1962
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Prepared by lMetals Science Unit,
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